


THE 
INSTITUTION 
OF PRODUCTION 
ENGINEERS 
in (0) 08:8 7-00 








THE INSTITUTION 


PRODUCTION ENGINEERS JOURNAL 


10 CHESTERFIELD STREET LONDON . WI 


OF 


Telephone : 


GROsvenor 5254/9 





Vol. 35, No. 2 Price 10/- 


CONTENTS 


“* DESIGNING FOR PRODUCTION IN THE FurNITURE INDUSTRY” by Sir Herman 


Lebus, C.B.E. 


THE 1955 VISCOUNT NUFFIELD PAPER 





“ Brirain’s Enercy Prospects ” by Dr. G. H. Daniel 
Report OF THE MEETING 


1955 SCHOFIELD SCHOLARSHIP PAPERS 





“THe MANUFACTURE OF STEAM TURBINE 


Grad.I.Prod.E. 


Biapinc”” by R. W. Pickard, 


“ Mernops oF Aircrarr Propuction” by H. S. Woodgate, Grad.I.Prod.E. 


“SHELL MOULDING FOR THE PRODUCTION 


A.M.L.B.F. 


EncINEER” by A. Weods, 


News oF MEMBERS 


Liprary REVIEWS AND ADDITIONS . 


February 1956 


100 


110 


The Institution of Production Engineers does not accept responsibility for any statements 


made or opinions expressed in any papers published in the Journal of the Institution. 





EDITORIAL COMMITTEE 


M. Seaman—Chairman 

Sir Leonard Lord, K.B.E.— 
President of the Institution 

G. R. Pryor—Chairman of 


Council 

H. G. Gregory—Vice-Chairman 
of Council 

J. M. Brice 

E. G. Brisch 


A. A. Francis 

B. G. L. Jackman 
H. P. Jost 

M. J. Sargeaunt 
H. G. Shakeshaft 
P. Spear 

B. E. Stokes 


EDITOR 


M. S. C. Bremner 


SECRETARY OF THE INSTITUTION 
W. S. F. Woodford 





woe ye 


| mre ee 


ADT est 








a 


ee 


"ls 


AST eet 









The Institution of Production Engineers Journal 


44 will be there... 
after your castings arrive 


to give you practical advice on problems that can arise during machining. I am a practical 
foundryman and my job is to call on customers after our castings have been delivered to sort out 
“on the spot” machine or location difficulties, or to discuss any modifications required during 
long runs. This is another of the extra facilities that you get from Birmal. 
Our Research and Development Staff will give experienced help in the development of cast components 
and unbiassed assistance in the selection of the right alloy and casting process. Birmal give you co-operation 


from start to finish—specialised attention before, during and after fabrication. That is why 


YOU GET MORE THAN A CASTING FROM 


*Birmal supply aluminium and magnesium castings in the sand, 





gravity die and pressure die processes, and zinc pressure die castings. 


BIRMINGHAM ALUMINIUM CASTING (1903) COMPANY LIMITED 


BIRMID WORKS SMETHWiCK 40 BIRMINGHAM 
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The **AVO”’ Valve Characteristic Meter, 
Mk. III is typical of the ingenuity of design 
and high standard of workmanship that 
exemplify all of the multi-range instruments 
in the wide ‘‘AVO”’ range. 


It is a compact and comprehensive meter that 
will test quickly any standard receiving valve or 
small transmitting valve on any of its normal 
characteristics under conditions corresponding to 
a wide range of D.C. electrode voltages. The 
method of measuring mutual conductance ensures 
that the meter can deal adequately with modern 
T.V. receiver valves. It does many useful jobs too 
numerous to mention here, but a completely 
descriptive pamphlet is available on application. 





List Price £75 complete with Instruction Book 
and Valve Data Manual. 





woct! AVOCET HOUSE + 92-96 VAUXHALL BRIDGE ROAD * LONDON °* S.W.I ° ViCtoria 3404 (9 lines) 
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one 


ok INTERESTED IN SMALL COMPONENT 


MILLING 2? Then there is a machine for you within our 
SIZE ‘O’ range. Eighteen different models varying in speed 
ranges (150 r.p.m. minimum or 4000 r.p.m. maximum) or type 
of feed. For economy, speed and ease of operation just the 
type of machine you need. 


Vv 


with our 








| The Model OAD with Multi- 
form (Semi-Automatic Cycle) 
Feed and 12 speeds from 150 
r.p.m. to 3000 r.p.m. 















Telephone: Leicester 65154/6 


SHIPLEY LTD. 


PJO. BOX 22 : ASH STREET : 


size 0 


HORIZONTAL MILLING MACHINES 





@ 12" x 5" or 18" x §' 
Table size 


@ Lever Hand Feed 
@ Screw Hand Feed 


@ Normal Automatic 


Feed 


@ Semi-Automatic Cycle 


Feed 


When replying to advertisements please mention the Journal 


@ Five Speed Ranges 









LEICESTER 


Telegrams: “Adcoc” Leicester 
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SPARCATRON Mk. II equip- 


ment with twin heads. 
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No early deaths for 


DIES 


when they can be 


RE-CUT 


simply and 
economically by 


ryt s\alali Why 


= SPARK EROSION = 


SOLE EL TNL LAME AAO 





A further 








Die for forging compressor 
turbine blades, 5 x 1 in. 
approx. Time taken for re- 
conditioning depth 0.005 to 
0.01 in. by SPARCATRON 


spark erosion—S5 to 6 hours. 


HE SPARCATRON process of spark erosion by 

which all electrically conducting materials can be 

machined to a high degree of accuracy is especially 
valuable for machining hard metals. In the recon- 
ditioning, repair or alteration of dies and press tools the 
process offers many advantages. A die for hot brass 
stamping sink gratings was worn to the point of scrapping 
after 10,000, but the cavity was refaced and the die 
restored to its original condition by spark machining. 
The cavity in a hardened steel die for forging turbine 
blades measured about 5 x 1 in. Ina few hours metal toa 
a depth varying from 0.005 to 0.01 in. was removed to 
restore the impression, then the die face was ground to 
correct the depth. A die can be re-cut several times 
and it has been found that a spark erosion reconditioned 
die will give longer service than in its original condition. 
Similarly, a hardened die mould or press tool can be 
corrected or altered by the SPARCATRON process 
when it is not possible or too costly by other methods. 


two or more heads may be used in conjunction with the main control unit 


(left), in some circumstances. 


The SPARCATRON process of spark 


erosion is established in the toolmaking industries for press tools and dies in 
cemented carbides and hardened steels. It has many applications in the 
making of dies and moulds for diecasting, drop forging, hot brass stampings, 
plastics, rubber, ceramics and wire drawing and extrusion dies. 


MANUFACTURED BY 
IMPREGNATED DIAMOND PRODUCTS LTD. 


SPARCATRON 


SPARK EROSION EQUIPMENT 


Sole Selling Agents Great Britain and N. Ireland 


BURTON GRIFFITHS & CO. LTD., KITTS GREEN, BIRMINGHAM 


Telephone: STECHFORD 3071 




















BRITAIN’S FOREMOST DISTRIBUTORS| 











Monks & Crane Ltd 
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Make your 
machine line MOBILE 





*% Machinery that moves 
with the times 
increases output 


% Production lines can 
usually be improved 


* Idle machines standing 
bolted to the floor 
are wasting space 


MADE 








BARRY 





% REDUCE costs 


By fitting the machines with Barrymount levelling mounts, a whole 
production line can be re-arranged to improve the flow 
of work, in a matter of minutes instead of hours . . . or days. 
Plant mobility can increase output and lower production costs. 


Barrymount levelling machine mounts practically eliminate 
vibration. They do away with the old method of bolting 
machinery to the floor or to concrete foundations. Yet the 
machines will not “walk.” External shocks and vibration are 
isolated, cutting down spoilage in precision machining. Noise 
from heavy and high-speed plant is reduced to a minimum: this 
means higher worker efficiency. 


AND UNDER LICENCE 


= ) MOUNT 


Write for technical bulletins: 


CEMENTATION (MUFFELITE) LTD., 39 VICTORIA STREET, LONDON, S.W.I (ABBey 5726) 


% STEP UP production 


, LEVELLING MACHINE MOUNTS 


CB4a 
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INTERNAL GRINDING 


FACE GRINDING 


STANDARD MODEL 12” x 24” 


RY | 2. Za time - money - space 


And at the same time be assured 

EXTERNAL GRINDING 
of a high rate of output to 
extremely fine limits with the 


installation of 





KEIGHLEY | FULLY UNIVERSAL GRINDERS 


TAPER GRINDING ims 
- ui 


—s 


q| 


SIZE RANGE 


2° (HEAVY DUTY) GRINDER STANDARD 

a a 12° x 24” to 12” x 60” 
22 MODELS AVAILABLE CERIUM HEAVY 
CAPACITIES FROM 12” x 24” TO 24” x 96’ Se Ne ee 
18” x 24” to 18” x 96” 


per’ : cr BROCHURES -AND FURTHER DETAILS 24” x 24" to 24° x 96° 
«eWAiy a 
GROUP 


NEWALL GROUP SALES LTD PETERBOROUGH - TEL: PETERBOROUGH 3227-8-9 AND KEIGHLEY 4294 


KEIGHLEY K 8" x7 
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The best bright steel 
bars bar none! 





As steel stockholders Macready’s Metal Company 
meet the pressure of an intensely competitive 
industry with stream-lined service and the highest 
quality stocks. 

Twenty well known lines are handled in the large 
and efficiently planned warehouse in Pentonville 
Road, ensuring fast delivery and exact response 
to the customer’s specifications. 

Known throughout the steel industry, Macready’s 
Usaspead Service is a guarantee of quality, 
accuracy, and prompt delivery. 


MAGREADY’S METAL COMPANY LTD 


London's Leading and Largest Steel Stockholders 
“Usaspead” Corner, Pentonville Road, London, N.1 - Tel: TERminus 7060 (20 lines). Telegrams: Usaspead, London. Telec. 2-2788 








STORAGE 
SPRAY 
JACKETED 
CHEMICAL 
MIXING 
HEATER 
LEAK TEST 
COOLER 
REACTION 
LINEN 
SEPARATOR 
HYDRO 
ROAD WAGON 
CONDENSE 
OIL 

ACID 

FUEL 


Ox 


cy 
N my 


We offer an unequalled service in the design and fabrication 
of this highly specialised class of equipment. If you have 
any problem involving bulk storage, handling, conveyance or 
processing of liquids at normal or maintained temperatures, 
it is possible that we could save you considerable worry, 
much time and money. 


WB: BAWN 


& COMPANY 





TANKS and 
VESSELS 


of all types for all purposes 








LIMITED 


PRESSURE 
VACUUM 
FILTER 
MIXING 
REACTION 
ACID 
JACKETED 


BYRON WORKS, BLACKHORSE LANE 
LONDON, E.17 - LARkKswood 4411/4 
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FUE Es MEIN 


IN LATHE MANUFACTURE 


| ™ B 
Ps. 


@ MIDDLE BEARING TO SPINDLE 
@ TOTALLY ENCLOSED MULTI-CHANGE GEARBOX 
@ PRE-LOADED TAPER ROLLER BEARINGS FOR 


MAINTAINED ACCURACY OF SPINDLE 





/ 


15"-17' swing 
ENGINE LATHE 





We manufacture... Dagn mith¢ Grace 


13”-30” swing ENGINE LATHES 





Ss 
KEIGHLEY 


SURFACE & BORING LATHES id LiMiTED 


TOOLROOM LATHES “nap 


DESCRIPTIVE LITERAT@RE Seem REQUEST 
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small in scale... 








MP-IH 


18 


Longitudinal travel of table...................ccccssecsseeseees 8 in — 200 mm. 

Transverse travel of table ................cccccccssscccssssseeees 8 in.— 200 mm. 

Distance from table top to spindle ............... min, 2in.— 50mm. 
end (retracted) max. 11} in.— 300 mm. 

7 spindle speeds — 430 — 640 — 860 — 1280 

(for 60062) 1800 —- 2560 — 3600 r.p.m. 

Maximum boring capacity ................s.s000- approx. lin.— 25mm. 


19 
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great in performance 


With a guaranteed accuracy of 0.00008 in., 
this jig-boring machine is capable of very 
high-precision work. Built-in standard 
with built-in viewing 


scales, together 


screens, enable this high standard of 
accuracy to be achieved. The three tools 
normally in constant use—the spindle, 
spotting tool and microscope— are incor- 
porated in the boring head, thus permitting 
simultaneous observation of the work- 
piece and tool. 

The spindle runs in high precision roller 
and ball bearings, and its rotation can be 
locked during tool changes. The work- 
table settings are effected on opaque 


screens eliminating parallax and glare. 


The installation and service of this machine is carried 
out by the Area Engineers at Sogenique (Service) 

Ltd., under the GSIP guarantee. 

For literature or further information please write or 


telephone Temple Bar 2126. 











Societe Genevoise Ltd. 


5-6 BRETTENHAM HOUSE LANCASTER PLACE LONDON W.C.2. 
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High precision jig-boring is achieved on this 
machine by a method of scale viewing norm- 
ally used only on larger machines. Instead 
of the usual viewing microscopes, projection 
screens show highly magnified images of the 
standard scale graduation lines. This 
enables a high degree of accuracy to be ob- 
tained, together with exceptional ease of 
operation, and unproductive time is reduced 
to a minimum. 

Further accuracy is guaranteed with the 
spindle head mounted on a non-dilatable 
frame, eliminating the effects of temp- 
erature variations on the slide. 

Permanence of accuracy is ensured by the 
standard scales being totally enclosed and 
fully protected against dust and abrasives. 
Finish milling is possible on this machine, 
using the hand-controls of the work-table. 





The installation and service of this machine is carried 
out by the Area Engineers of Sogenique (Service) Ltd., 


under the GSIP guarantee. Longitudinal travel of table ... ... ... .. ... 16in.—400 mm. 
For literature or further information please write or Transverse travel, 45 ve we vee oe ee 10 in. — 250 mm. 
telephone Temple Bar 2126. Max. distance from table to spindle head ... 19 in.— 485 mm. 
8 spindle speeds 200 —- 300 —440 — 650 — 980 — 1400 — 2100 — 3000 
Max. boring capacity coe one bee one cee, NL LO Ee — 


GUARANTEED ACCURACY FOR ALL 
DISPLACEMENTS OF THE WORK-TABLE ... 0.0001 in.— 0.002 mm. 


Societe Genevoise Ltd. 
5-6 BRETTENHAM HOUSE LANCASTER PLACE LONDON W.C.2, 
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Eliminated 
2h of former 
handlings 


These Before and After photos show how time in handling of materials was 
cut by two-thirds in this plant—and how storage capacity was increased 


Increased by 300%. These racks can do the same for your plant. Investigate today! 


capacity 
for work 
in process 
storage by 


300% 


COURTESY THE WESTINGHOUSE BRAKE AND SIGNAL CO. LTO., CHIPPENHAM, ENGLAND 


In this installation Rack Adjustable Pallet Racks tial. Overall efficiency of Department increased 
made possible a major increase in output through considerably with introduction of “Good House- 
providing quick availability of parts. Savings in keeping” Policy, and with flexibility of the Rack 
handling costs and in storage space were substan- Material Handling Equipment. 





Made in England since 1947 

















ENGIN Crnted, 


9 Camomile Street, London E.C. 3, England 
Fabricating and Assembly Plants: Slough, Eng., Connellsville, Pa., and Gardena, Calif, U.S A., Farnham, Quebec, Canoda 
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RAISE OUTPUT - CUT COSTS 


with 


Holman Pneumatic Tools 










SERIES “3000” ROTODRILLS 


Powered by a robust, easily-removable vane- 
type motor. Compact, simple in construction, 
incorporating high drilling speeds, they are 
ideal for general industrial use. 


“Z” SERIES RIVETING HAMMERS 


The new Holman range of Riveting Hammers 
have already won praise for their speed and 
handiness. Designed to give maximum power 
with minimum recoil, they can be used in perfect 
safety on difficult footings. 







SERIES “30” PNEUMATIC GRINDERS 

Widely used in every branch of engineering. Efficient, easy 
to handle, powered by the same reliable unit used in the 
series ‘ 3000" Rotodrills. 

CHIPPING HAMMERS 

Compact, easy to handle, available in a wide range of sizes, 
all incorporating a throttle valve giving full control from 
light taps to full-force blows. 

IMPACT WRENCH 

Compact, light, easy to handle, the Holman Impact Wrench 


gives a more powerful turning effect than any other PNEUMATIC TOOLS 
torque-type wrench. ° 

All Holman compressed air equipment is backed by the world- AIR COMPRESSORS 
wide Holman spares and maintenance service. May we send 

full details? ; ROCK DRILLS 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND - TELEPHONE: CAMBORNE 2275 (10 LINES) - TELEGRAMS: AIRDRILL, CAMBORNE 
London Office: 44 Brook Street, W.! °* ‘Prone: Hyde Park 9444 HG20 


When replying to advertisements please mention the Journal 





COLD 
HOBBING 
PRESSES 


BY SACK & KIESSELBACH 


measuring device, 


automatically stopping 
machine when required 
depth has been reached. 
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SACK & KIESSELBACH have for many 
years been building Cold Hobbing Presses. These machines are 
therefore not adaptations but are designed and built for this work 
only. Their sound, robust basic design, high quality workmanship 
plus several special features found only on these machines greatly 
facilitates the production of sound moulds. Further details on request. 


WELSH HARP, EDGWARE ROAD, LONDON, N.W.2. TELEPHONE: GLADSTONE 0033 


+ BIRMINGHAM-TELEPHONE SPRINGFIELD 1134/5 - STOCKPORT—TELEPHONE STOCKPORT 5241 - GLASGOW—TELEPHONE MERRYLEE 2822 
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cuts costs 
















chine illustrated here is a standard 


surface hardening ma 
bs. It is widely used by the auto- 


ge of varied jo 
ment of rocker shafts, selector rods and 






The BIRLEC induction 
unit capable of handling a ran 
mobile industry for the selective treat 


similar components. 


yRRSAPLLE 


GRAPE 
RARDENING 


MACHINE 


n be hardened 
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Specified zones ca 


under automatic control and W 


or scaling of 
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negligible distortion 








the work. Quickly interchangeab 


Maximum length of work 


standardised control cams and in- 
Maximum diameter of work 14” 
ductors permit several different jobs 
Hardening zone selection Cam 
to be run economically in successive Maximum hardening speed =» *** 14" /sec: 
batches. Maximum return stroke speed 6” /sec. 
Typical production (12" stroke) --- 300/hr. 
0.17d/piece- 






strated are typical induction 
Typical operating cost 


utomobile rocker 
r rod. 


Iu 
hardened a 
shafts and selecto 
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range of 
plain and duplex 


HEAVY - DUT 
PRODUCTIO 
MILLING MACHINES 








Write NOW 

for catalogues 

available from 

CHARLES CHURCHILL & CO'’S offices in London, Birmingham, Manchester, Newcastle-on-Tyne, Glasgow. 
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Product 


When you see the HyPowermatic 
catalogue you will realize why 
this new range of machine tools 
will enable you to mill your 
medium and large size compo- 
nents more quickly and more 
accurately than ever before. You 
will be particularly interested in 
the new “hydromech” drive, 
permitting exceptionally heavy 


climb cuts. 
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THESE 
KOLB JIG BORING 
MACHINES 


(With optical settings) 
MERIT YOUR ATTENTION 










TYPE “OPTA” 


Table working capacity......... 
RE are: 
Power traverse to all movements. 














TYPE “‘OPCO” 











NOTE THE CAPACITY 


ENED s.0'4.4 % 0.0 owe ew lew #'» v8 

Table movement .. { Push Button | . . 59” 
Saddle Movement. . (| Control - - 40’ 
oo Pre 40” or 53” 


24 or 36 spindle speeds. 
18 spindle feeds. 


e Optical setting accuracy ‘000125”. 


e Pre-selected feeds and speeds. 
e Suitable for milling. 


EARLY DELIVERY 
OF BOTH TYPES 





| 
| 
| 
| 
| 
| 
| 
e Power to all movements. 
| 
| 
| 
| 
| 
| 






=) 
STANLEY HOWARD LP | 
73 DEVON STREET \ a 7 


SALTLEY BIRMINGHAM 7 | 


Tel: aSTon 1275 J 
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When it comes to WELDING * 


Automatic Welding ? 


We sell the whole works 


As the biggest and most experienced people in automatic arc welding, Quasi-Arc 
Limited offer the Production Engineer advantages he can get nowhere else. 
They are ready to supply him promptly with everything he needs—plant, welding 
materials, expert service—all from one old-established and reliable firm. 


Continuous Welding 


Processes 

Quasi-Arc are the only people who make and 
sell two continuous automatic arc welding 
processes—Fusarc and Unionmelt, with all 
their present-day variations. 


Fusarc 

The biggest-selling continuous covered elec- 
trode process in the world—and in its field 
the most economical. Fusarc with its visible 
arc, runs fast and efficiently, and gives excel- 
lent results both indoors and outdoors. 





External and internal welding 
of Class 1 boiler drums, by the 
Fusarc process. Note the versa- 
tile cantilever—supported au- 
tomatic welding head; boom- 
type internal welder (right) 
with effective welding traverse 
of 15’ 0”; and the adjustable 
motorised roller bed, working 
in conjunction with an idler- 
bed unit. All manufactured, 
installed and serviced by 
Quasi-Arc Limited—and only 
one of many complex auto- 
matic welding installations 
now in production. 





Unionmelt 

The world-renowned submerged arc process, 
giving X-ray sound welds with perfect finish. 
There is no spatter and no flash. It is rapidly 
expanding into light plate welding as well as 
in heavy fabrication work. 


Welding Manipulators 

Quasi-Arc supply a wide variety of manipula- 
tive equipment from manipulators and 
positioners to roller bed units. They are built 
on years of experience and development and 
can be incorporated with any welding process 
in complete automatic welding installations. 


The interests and activities of The Quasi- Arc Company Limited and Fusarc 


Limited in the well-known processes 


Quasi-Arc - Fusarc - Unionmelt - Sigma - telianc - Twin-Are 


have been combined in order to provide a thoroughly comprehensive 

and effective service to the welding industry. 

The headquarters of the new organisation— named Quasi- Arc Limited— 
are at Bilston, Staffordshire, with works at Bilston and Gateshead. 


Come to QUASI-ARC 


QUASI-ARC LIMITED 





BILSTON +: STAFFORDSHIRE 
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for efficient 
(die lubrication... 


“dag” colloidal graphite is the perfect lubricant and parting 
medium for all metal-forming operations. Dies treated 

with “dag” colloidal graphite offer maximum resistance to 
high temperatures and pressures. The graphite coating is 
capable of withstanding loads of several tons per square 
inch and greatly improves slip between metal and die. 

“dag ’’ dispersions are equally effective for casting, 
extrusion and other engineering processes, and for the 
lubrication of all equipment operating at high 

temperatures. The benefits of our 40 years’ experience 

in manufacturing industrial dispersions are freely at 


your disposal. 


A Dome forging being extracted 
from a die lubricated with ** dag” 


da 


etco TeeOt mane 


DISPERSIONS 


colloidal graphite. 





Acheson Colloids Limited 
18 Pall Mall, London, S.W.1 


guts o, 


ovr 
Trees 


KN i~o” 
Telephone: WHI 2034-9. 
Telegrams: OILDAG-PICCY-LONDON. 
Also ACHESON COLLOIDS COMPANY, 
Port Huron, Michigan, U.S.A, 
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Hauser 35 


JIG GRINDING MACHINE 


Of all the fine products for which 
Swiss engineers are particularly noted, 
there is none finer or more accurate 
than the Hauser Jig Grinding Machine. 
So accurate that it will grind holes in 
hardened parts to 0.0001” for size and 
0.00015” for location ; so versatile that 
it will produce plain, blind, or tapered 
holes to similar degrees of accuracy, as 
well as contours and straight slots. 

If you are concerned with high quality 
die, jig, and gauge making, the cata- 
logue describing the Hauser method of 
jig grinding will interest you. Write 
for a copy. 





= 
wicK MAN 


FACTORED MACHINE TOOL DIVISION 


LI 


Telephone ; Coventry 40351 





XXili 





Capacity from 35” dia. (see above) 
to7'2dia. (see below) achieved by 
spindle speed range from 16,000 
r.p.m. to 50,000 r.p.m. 


* y 
= 










ie 

Accurate setting for the production 
of curved slots and diametral 
locations. 


A typical example of work pro- 
duced on the Hauser 3 SM Jig 
Grinder, 


MITE D 


FLETCHAMSTEAD HIGHWAY 


COVENTRY 
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SV 65 


Height of centres. . 24” 
Swing over bed .. 5” 


SV 70 


Height of centres. . 22” 
Swing over bed .. 54” 




















DISTANCE BETWEEN CENTRES DISTANCE SPINDLE NOSE TO 
8” & 103” TURRET CARRIAGE 43” & 73 


ot 





SV 102 


Height of centres.. 4” 
Swing over bed .. 8” 











SV 120 


Height of centres... 4 


Swing over bed .. 94” 


) 
DISTANCE SPINDLE NOSE TO 
TURRET 112” } DISTAN 
- , 










DISTAN 










































DISTANCE SPINDLE NOSE TO 
TAILSTOCK 1074” & 124” LEAD-SCREW LATHES 





) 
| DISTANCE SPINDLE NOSE TO TAILSTOCK 173” DISTANCE BETWEEN CENTRES 193” 





















DISTANCE BETWEEN CENTRES 233” 


cam SS ee a ai: 








wtictkK M A N Bb &£ uit 8s 2 
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ETAMI 


AIR | 
COMPARATOR 
GAUGES | 


Here’s to-day’s quickest, most reliable, and 
most versatile system of work gauging and the 
easiest to install. Simply connected to your 
shop air line, the Etamic air comparator will } 
check by plug, ring, or feeler (according to 
gauging elements employed) 

without cleaning of parts ; 

with instantaneous readings ; 

to guaranteed precision of 0.000025” if 
required over wide measuring range. 

Its entirely pneumatic operation, without 
mechanical or electrical amplification devices, 
ensures unrivalled robustness, quick and easy setting, and perfect stability 
of reading, and enables the equipment to be produced at low cost, and 
therefore offered at low prices. 

In addition to normal gauging applications, units can be supplied for 
high precision measurement with accuracy of 0.00000625"; for measure- 
ment of fine bores from 0.004” dia.; and for differential measurement 
of tapers, paired shafts and bores, and similar work. 

Let us discuss with you the work measurement possibilities of this 
¢quipment in your plant. 
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ETAMIC Air Compar - Air Comparator in Air Comparator in Differential type 
ator Unit with Plug. service with a ring. service with a feeler. Air Comparator Unit. 
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Designing for Production 
in the Furniture Industry 


by SIR HERMAN LEBUS, C.B.E., 


Chairman and Managing Director, Harris Lebus, Ltd. 


ESIGNING to meet the demands of the consumer is not always compatible 
with designing to suit efficient production ; this is particularly so of 
furniture. 

Furniture demanded by the buying public varies considerably in type, size, form, 
colour and price range. This places a task on the manufacturer which taxes his 
ingenuity and management ability. The manufacturer can only meet this situation 
providing design, sales, research, purchase and manufacturing staff are working 
as a team. 

The designers must be informed by the sales organisation of the immediate and 
forward needs of the market, covering price range and variety of articles. They 
need to be informed by Production, Research and Purchase Departments of all 
new methods and materials that may aid them to create new forms and new 
products. The results of research as they affect methods of production and types 
of materials are as vital to the Design Department as is research into market 
requirements. 

The manufacturer needs not only to keep abreast of new techniques and 
materials through his own resources, but should take full advantage of outside sources 
of information. In this connection, the Furniture Development Council plays an 
important role in informing manufacturers of new developments. 

The designer has to be given freedom to introduce new ideas, and_ the 
appropriate branches of the organisation be given the task of applying them to 
production. In these days the designer is not too restricted by methods, machines, or 
materials ; indeed, he has greater scope than ever and it is seldom that these three 
*M’s’ are unable to reproduce the designer's ideas in scale production. 


Quality and Raw Materials. 
Quality can be roughly grouped under four categories : 
(a) Material 
(b) Structure 
(c) Workmanship 
(d) External finish 

The first three are subject to minimum performance standards as set up by the 
British Standards Institution. Manufacturers whose furniture conforms to B.S.1. 
standards are entitled to apply the Kite Mark to their products. 

For quantity production component parts are generally machined to limits of 
plus or minus three thousandths of an inch, and appropriate quality control should 
operate. 

Progressive manufacturers will have adequate inspection staff to assure proper 
standards of quality, and the designing staff should be able to rely on the inspectorate 
to ensure that the standards at which they are aiming are adhered to. 

Raw materials in the form of lumber, plywood, veneer, cover filling materials, 
etc. are a high proportion of total cost. 

Unfortunately, the conversion of many of these entails an extremely high waste 
factor. The waste on lumber, for example, may vary between 20°/, and 40°/ 
dependent on quality and species. Those responsible for the designing of furniture, 
always having in mind the necessity of producing at an economical cost, have to 
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be in constant touch with those responsible for the purchase and conversion of raw 
materials. Quality, species, size and price of materials have to be under constant 
consideration. 


Design Changes. 


One of the difficulties which confronts the furniture manufacturer is to decide 
upon the type of article to market from the very wide range of domestic and other 
furniture in common use. Very few firms manufacture the complete range found 
in the average home, i.e. the articles in the dining room, bedroom, lounge, kitchen 
and hall. 

The industry is composed of small, medium and large firms, and the small 
firms predominate in numbers. The wider the range of products undertaken by 
any single manufacturer, the greater are the problems, especially for the small and 
medium size concerns. 

Whilst the range of articles in the home does not materially alter, the design 
frequently does, and will continue to do so. A large proportion of most 
manufacturers’ designs is replaced at least annually. It is this frequent change in 
design that the manufacturer must fit into his overall plan. 

sy tradition the trade introduces varieties of new designs at selected times each 
year ; normally in January, May and September. Consequently, the manufacturer 
has the problem of planning and producing a large part of his output based on 
forecasts for which no actual sales experience exists. The business of forecasting 
the market for existing designs, when trade reaction to the product is known, is 
difficult enough but forecasting the sale of new products is even more difficult. 

To produce the right type of article, at the right time, in the right volume, 
needs proper planning and forecasting in order to ensure fast moving stocks and 
good delivery and service. 

Within the total production task that is set for a factory the variety, timing 
and volume of the new designs required are most significant aspects. 

The variety in the factory will include not only those articles currently sold, 
but also those on sale later which are passing through pre-production stages. There 
will also be designs which are about to be withdrawn from sale but which require 
post-production treatment to minimise wastage of obsolete parts and articles. 

The réle played by variety of design dominates manufacture in all its stages. 
Variety can be reduced only to a minimum consistent with securing a satisfactory 
total market. The greatest degree of standardisation of raw materials, piece parts, 
operations-and equipment can assure flexibility and interchangeability in production. 

The factory has the problem of planning its pre-production load so that the 
functions of the drawing office, jig and tool and other pre-production departments 
are carried on relatively evenly throughout the year. These pre-production functions 
do not lend themselves to great variations in the load they have to meet, and the 
inevitable effect of a large design programme is that provision should be made well 
ahead for the appropriate volume of furniture. 

This leads to a growth in the storage of component parts and assembled 
furniture, pending release on the ultimate day of sale. This produces a proportion 
of stock that is not turned over quickly and a higher investment of capital than 
would otherwise be necessary. These can be reduced by the degree to which 
standardisation is practised and the creation of new component parts kept down 
to a minimum. 


Effect of Design on Manufacturing Processes. 


Most of the woodworking machinery used in the industry is of standard type. 
Some furniture manufacturers, however, design special purpose equipment to suit 
their own particular methods of manufacture. When designing this equipment, 
consideration has to be given to the trend in design of furniture for some years 
ahead, otherwise it may become unsuitable. In plants where several special purpose 
machines are in use new ranges of furniture are designed, as far as possible, to take 
advantage of them. 

The mechanisation of manufacturing processes has its effect on design insofar 
as it does not permit extreme flexibility. With the advance of automation this 
will be more apparent, and those responsible for design will have to use great 
ingenuity to provide for the public taste, and at the same time take advantage of 
the benefits which accrue from automation. 

(concluded on page 132) 
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HE British economy has been bounding ahead in 

recent years at a rate perhaps faster than in any 
other period for which we have reliable information, 
and it is natural that the prudent mind should ask 
whether the large increases in energy supplies that 
are a precondition of such expansion will continue to 
be forthcoming. At the Margate Conference this 
summer, when the great field of industrial advance 
opened up by the automatic factory was discussed, 
the President of the Institution of Production Engin- 
eers made it clear that automation would only be 
successfully implemented if certain requirements were 
met, among them sufficient power supplies to support 
higher productive effort. The difficulties encountered 
in meeting the demand for energy in recent years are 
well known and give emphasis to the question | aap von 
shortage of energy supplies is going to be the/pit into 
which we shall fall in our fast pursuit of ever bigger 
output and standards of living. 

Whether this danger will or will not be avoided is 
something that cannot be prophesied and this Paper 
makes no predictions. The best that can be done is 
to try, by consideration of the past and by hypothetical 
estimates worked out on stated assumptions about 
the future, to clarify the nature and assess the extent 
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of the danger. Because this danger requires the 
united efforts of large sectors of the nation to avoid, 
the more widely it is understood the better. 

The problem is essentially to secure adequate 
supplies of the primary fuels. Although the fuel crisis 
of 1947 took the form of interruption of electricity 
supplies, its underlying cause was lack of coal. Now 
that the effects of war-time restrictions on capital 
investment have been overcome, shortage of electric 
generating and of gas- and coke-making capacity 
should not lead to more than temporary local 
difficulties; the course of growth of electricity 
consumption can be forecast within reasonable limits 
and retention of obsolete capacity and increase in 
plant loading provide margins for dealing with 
unexpected increases in requirements. But will there 
be enough of the primary sources of energy, either 
conventional sources like coal, oil and hydro elec- 
tricity, or new sources? To consider this question the 
trend in total demand for fuel must be examined and, 
because some fuels—such as oil for transport—cannot 
be readily replaced, this total needs to be further 
analysed to see how each of the main fuels is likely 
to fare. Up to this point, I assume that the different 
fuels continue to be in good supply and that their 



























































| | | 
FIGURE |. TOTAL PRIMARY FUEL CONSUMPTION 
IN THE UNITED KINGDOM AND AN = 280 
INDEX OF NATIONAL INCOME 
CONSTANT PRICES I a _] 200 
150 
seat) > 
sooL von® dno 
° 
250 val. 100 ™ 
me 5 
= 200, so 9 
: > 
; yar? Z 
a sol teo 38 
z = 
6 100 ¢ 
2 40 9 
< ~~ 
> 
z ts 430 
soL _| 20 
1 l 1 | l 
sO 1860 70 1880 90 1900 10 1920 30 1940 30 1960 


price relationships will be maintained. I then discuss 
the extent to which this assumption is, in fact, 
reasonable and consider some of the problems that 
may be involved in obtaining the required supplies. 


I. OUR PRESENT CONSUMPTION OF 
ENERGY AND HOW IT HAS GROWN 


In the modern world energy is, in the words of 
Clerk Maxwell, “‘ the go of things ”’ and the intensity 
of its use is a rough measure of the degree of in- 
dustrialisation. The primary fuel now used inside 
this country is equivalent to some 250 million tons of 
coal a year; the equivalent of a further nine million 
tons is used to bunker foreign-going vessels and that 
of 23 million tons is exported’. Total inland 
consumption in Britain ranks third after that of the 
United States and the Soviet Union. Our con- 
sumption per head is about five tons a year or about 
two-thirds that of the United States, is intermediate 
between that of Canada and Sweden and nearly five 
times the world average. Over a quarter of our fuel 
is used in residential premises and the annual con- 
sumption of the remainder (nearly seven tons per 
person employed) tends to be concentrated in certain 
industries. In light manufacturing, agriculture and 





1 It is assumed that | ton of oil is equivalent to 1.7 tons of 
coal, and that (based on the yield in thermal power stations) 
1,700 units of hydro-electricity are equivalent to a ton of coal. 
The consumption figures are estimates for 1955. 


office work, it is less than three tons of coal equivalent 
per employee. In transport and mines and quarries, 
it is about 17 tons. In bricks, cement, chemicals and 
non-ferrous metals it is over 20 tons, and in iron- and 
steel-making about 60 tons. 

Although we know that, in the words of the poet, 
** the course of time will swerve, crook and turn upon 
itself in many a backward winding curve,’’ one of 
the best ways of trying to see how demand may grow 
in the future is to study the experience of the past. 
The history of fuel consumption is that of the in- 
dustrial revolution and of the contributions of men 
like Derby, Newcomen and Watt. Instead of 
recapitulating it, I shall try to focus attention on a 
few of its main points. 

The first of these is the rate at which inland fuel 
consumption has been growing in different periods. 
Between 1750 and 1850 coal consumption increased 
from under five to about 60 million tons a year and 
in the middle of the nineteenth century its rate of 
increase was the one that frightened Jevons—nearly 
four per cent. a year compound. More than half of 
all the coal being mined in the world was then being 
mined in this country. Figure |* shows that during 





2 The data on national income used in this chart are taken 
from Colin Clark The Conditions of Economic Progress, 1951 for the 
years 1850-1870, A. R. Prest National Income of the United Kingdom, 
Economic Journal, Vol. 58, Part 229, 1948 for the period 1870- 
1946 and for the following years the National Income and Expenditure 
Blue Books. 
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the following two decades the rate of growth averaged 
about three per cent. a year, and before the First 
World War it had slowed down further to about 1} 


per cent. a year. Between 1913 and 1945 there was 
no net increase at all, only a number of violent 
fluctuations, mainly troughs. Up to this point the 
pattern of the British figures was that of fast growth 
changing gradually into one of no growth, and it was 
tempting to regard this as the natural consequence 
of a maturing economy with a good standard of 
living and a tendency for industrial advance to be 
directed towards the light consumer goods and service 
industries. Since 1945, however, there has been a 
return to the surprisingly fast average rate of 2.8 per 
cent. a year compound for which we can only find a 
parallel back in the middle of the nineteenth century 

the heyday of Victorian prosperity. That this rate 
should have continued so long after the end of the 
war is surprising even to the most expansionist- 
minded observer. 

The second observation is that there has existed a 
general relationship between the growths in fuel 
consumption and economic activity, the form of the 
relationship varying between different periods. That 
the material strength of the country was closely 
dependent on its development of steam power was 
early realised—for instance, by the illustrious French 
army officer, Sadi Carnot, who said in 1824, in his 
Reflexions on the Motive Power of Heat, that “ to take 
away today from England her steam engines would 





be to take away at the same time her coal and steel. 
It would be to dry up all her sources of wealth, to 
ruin all on which her prosperity depends, in short, 
to annihilate that colossal power.’ Figure | shows 
how total fuel consumption and the national income 
grew together over the last 100 years. The peaks 
and troughs in the two curves largely coincide and 
the general trend of both is upwards. But fuel 
consumption increased more slowly than national 
income—particularly in the inter-war period. Figure 
2, in which war and strike years and also bunkers 
have been left out, re-states the same data in a way 
that brings out more clearly the changes in the 
relationship. Between 1870 and 1930 there was, on 
average, an increase of } per cent. in fuel consumption 
for every one per cent. increase in national income. 
But between 1932 and 1939, and again between 
1945 and 1954, the slope was steeper and in the latter 
period for every increase of one per cent. in the 
national income there was an average increase of .75 
per cent. in fuel consumption. 

Obviously one of the reasons for the differences in 
rate of growth of consumption is variation in the 
speed at which economic activity is expanding, and 
another is whether expansion is faster in the heavy 
than in the light fuel-using industries. During the 
inter-war period the average rate of increase in 
industrial production was only about two per cent. per 
annum, but it has been five per cent. per annum since 
1946. Moreover, growth in the former period was 
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particularly fast in engineering, which has a low fuel 
consumption in relation to the value of its output; 
and the growth of pig iron and chemical production 
was slow. Since 1945 there have been big losses in 
capital and arrears in investment to be made up. 
Armament manufacture has been at a high level, oil 
refineries have been set up and a big atomic energy 
programme carried out. Much of the expansion of 
exports has been in products with large fuel and 
power requirements. Thus the pattern, as well as 
the rate, of post-war industrial activity has stimulated 
the use of fuel. 


A Vital Factor 


A vital factor has been the rate of improvement in 
fuel efficiency. There have been continuous advances 
in the design of fuel-using appliances and a steady 
trend towards the conversion of more primary fuel 
into high-quality secondary fuels before supply to the 
ultimate consumer. During the last thirty years the 
amount of coal finally burnt in its raw state has 
declined, while the amount supplied in the 
form of gas and coke has increased by half 
and that supplied in the form of electricity has 
increased about eight times. The improvement in 
efficiency has not, however, been at a constant rate, 
but has been particularly high in certain periods 
when technical advance was fast. The inter-war 
period was one of these and improvement in fuel 
efficiency since the War has been less rapid. The 
most striking difference has been in the field of 
electricity. The system of giant interconnected 
central power stations largely came into being in the 
inter-war period, and average coal consumption fell 
between 1924 and 1937 from over 2 lb. per unit to 
under 1} lb. Valuable economies have continued 
to be made by the power stations since the War and 
coal consumption per unit is now down to |} lb., but 
the industry obviously could not keep up the pace 
that was possible in its youth. Again, the expansion 
of electricity sales in the inter-war period was largely 
in industry, where there was wholesale replacement 
of inefficient private power plant. The resulting gains 
in industrial fuel efficiency cannot be repeated today 
on the same scale, and a higher proportion of 
electricity is now, not unnaturally, going into 
domestic and commercial premises and industrial 
applications where there are not as big savings to be 
made through the replacement of other forms of 
energy as there were before the War. 

An important lesson is that the growth of the fuel 
and power industries is not a mere consequence of 
the growth of other industries, but is itself a most 
dynamic promoter of general activity. Many of the 
biggest stimuli to technical and economic develop- 
ments in the early years of the Industrial Revolution 
were provided by the coal industry. It was the need 
to pump out the water that was threatening to 
drown whole coalfields that stimulated the first 
successful steam engines of Savory and Newcomen. 
Coal was such an important traffic for the canals 
that the Duke of Bridgewater was led to the belief 
that “a navigation should always have coals at the 


heels of it.’ Beaumont’s railways and George 
Stephenson’s locomotive were first applied to the task 
of carrying coals. Inventions and changes in costs 
that make large classes of plant and equipment 
obsolete and give rise to a massivegdemand for new 
investment constitute one of the principal axes on 
which economies rotate. Fuel-using equipment 
accounts for such a large part of the national capital 
that changes in fuel costs or in engine design that 
make new fuel-using plant attractive have a potent 
influence on economic activity. Thus, the develop- 
ment of electricity and the internal combustion engine 
in the last 80 years has led to the creation of scores 
of new industries and to big changes in the location 
of industry, housing and social capital, and has been 
one of the biggest driving forces in the economy. 
Now that nuclear power is being shown to be 
economically attractive as a source of electricity, a 
host of new industries is quickmarching into being, 
some of them because they are directly required for 
the construction of the new power stations and the 
fabrication of the new fuels, others because activities 
at places like Harwell and Oak Ridge have, almost 
incidentally, led to new _ inventions, industrial 
processes and materials worth developing in their 
own right. 


Il. THE TOTAL DEMAND FOR ENERGY IN 
THE FUTURE 

Looking at it in terms of the total consumption of 
primary fuel expressed in millions of tons of coal 
equivalent, how is the total demand for energy likely 
to grow? Obviously much depends on the speed 
with which the economic system as a whole is going 
to expand and, because our purpose must be to obtain 
a measure of the maximum burden that may fall on 
fuel supplies, as buoyant a view as can reasonably be 
justified must be taken about the possible rate of 
expansion. Clues to the relation that will hold 
between economic growth and fuel consumption can 
be got by considering the nature of this relationship 
in recent years and the factors that may modify it 
in future—factors such as the pattern of industrial 
advance, the application of automatic control systems 
and the rate of improvement in fuel efficiency. 

An ambitious target for the expansion of economic 
activity is that suggested by the Chancellor— 
doubling the standard of living in 25 years. Because 
of the increase in population, this implies a growth 
rate of 3 per cent. a year compound in the national 
income or enough to multiply it by about 2.1. If, as 
the Report of the Committee on the Economic and 
the Financial Problems of the Provision for Old Age3 
suggests, the working population increases by about 
4.6 per cent., the required increase in productivity 
(as measured by national output per head of working 
population) is 2.8 per cent. a year compound. ‘This 
is almost the rate of increase achieved between 1948 
and 1954, excluding the recession year of 1952. It is 
much higher than the average increase recorded over 


the periods 1870—1913 or 1920—1938. It will only 





* Cmd. 9333 of December, 1954. 
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be possible if the rate of investment in productive 
industry and the basic services can be greatly speeded 
up—perhaps doubled—and if exports of goods and 
services do rather better than keep pace with the big 
expansion in imports that will follow from the growth 
in the material requirements of industry and the 
expansion of consumer demands. It is a modest rate 
in relation to the growth rates achieved in some 
foreign countries, particularly those with a large 
reservoir of rural population from which industry can 
draw. And it does not seem impracticable when 
viewed from the standpoint of the opportunities and 
stimuli that new technical and scientific developments 
provide. But it would represent a great success if 
achieved in Britain and it can, therefore, be taken as 
the basis for a maximum estimate of fuel demand. A 
low estimate representing very indifferent success in 
the economic field would be an increase of 3 per cent. 
a year in only, say, four years out of seven, the other 
three years recording no net increase because of 
recession; this implies an average growth rate of 1.6 
per cent. a year in productivity or approximately the 
average increase over the inter-war period. 

What relationship will exist between expanding 
activity and fuel consumption? Between 1948 and 
1954 fuel consumption rose about 15 per cent., while 
real income rose by 20 per cent. But in this period 
consumption was stimulated by armaments, the 
removal of restrictions on street and shop lighting 
and petrol, fast growth of aircraft fuel consumption, 
the setting up of oil refineries to replace imports of 
refined petroleum products and the development of 
the atomic energy establishments. Some of these 
factors will either not be repeated at all in future or 
will not have as big an effect on fuel requirements as 
in the last six years and for this reason we might 
expect fuel consumption to increase at a slower rate 
than .75 of the rate of increase in national income, 
perhaps at something nearer the .65 to which the ratio 
has fallen in the last two years. 


The Drive Towards Mechanisation 


The drive towards mechanisation has received 
great impetus during the last few decades from the 
development of electronic and other devices which 
make possible the automatic control of industrial 
operations, and it is interesting to speculate on the 
effect of these developments on fuel requirements. 
The chief effect will surely be to speed up the increase 
in industrial production. The new control systems 
enable machine designers to disregard the limitations 
hitherto imposed by human reaction times. It will 
be possible to run machines at multiples of present 
speeds and at far higher load factors. The proportion 
of spoilt work is likely to come down and there will 
be savings in floor space and materials as well as 
major savings in manpower. The labour released 
will be available to increase production in other 
parts of the economy, and the savings in materials 
and floor space will facilitate further expansion of 
capacity and output. 

But these changes should not be as breath-takingly 
fast, nor lead to as big an increase in fuel consumption 
as might, at first sight, seem likely. The trend of 
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mechanisation has been well established for some 
time with automatic control as part of it. Although 
the development of reliable control systems was given 
impetus by the War, and the rapid growth of 
industries like atomic energy and oil refining where 
use of these techniques is particularly apt, advance 
will tend to be concentrated on fairly limited sectors 
of the economy—for instance, the manufacture of 
foodstuffs, paper, glass and motor cars—where heavy 
investment for the production of standardised products 
is profitable. In some uses—for instance, that of 
computers in scientific and market research— 
electronics will lead to qualitative improvements in 
the work done rather than big labour savings. Even 
in the sectors where production will be most promoted, 
the impact is likely to be softened by reductions in 
hours of work and compromises of one kind or another 
to avoid labour troubles and too rapid writing off of 
capital. As regards fuel consumption, it has to be 
borne in mind that the energy directly needed for 
control purposes is only a small fraction of total 
consumption. A substantial computing machine may 
use less power than an ordinary domestic cooker. 
The total amount of human energy employed in the 
modern economy is less than about one per cent. of 
the total energy consumption and is not all employed 
for control purposes. The overwhelming contribution 
is from coal and oil and the increase needed in their 
consumption to enable electrical power to replace as 
much of the human control element as can be 
envisaged is not very significant. Finally, by reducing 
machine idling time, the space heating, lighting and 
other overheads and the proportion of spoilt work, 
the application of automatic control systems can be 
confidently expected to lower the fuel consumption 
per unit of output’. My general conclusion is, 
therefore, that automation will speed up the increase 
in industrial production and reduce the fuel con- 
sumption per unit of output. The increase in 
industrial production already postulated for doubling 
the standard of living is a very rapid one, which will 
probably require the full help of automation to realise. 
The role of automation will be to make the achieve- 
ment of this production target easier and slightly less 
expensive in terms of fuel than the .75 relationship 
for the last six years would suggest. The saving 
cannot be large because it can arise only from an 
increase in an already fast rate of progress and because 
progress will necessarily be limited to a fairly small 
sector of the total field of consumption. 

The prospect of getting a still lower ratio between 
the increase in fuel consumption and that in national 
output through speeding up the rate of improvement 
in the efficiency of fuel-using appliances is less 
encouraging. Although there is much loss of fuel 
through inefficient use, and the National Industrial 
Fuel Efficiency Service has most important work to 





4 The results obtained with one of the transfer machines 


installed by Austins at their Longbridge works are interesting. 
This machine is reported to produce more than the 13 separate 
machines it replaced, with big savings in labour, floor space and 
materials, and a 50 per cent. reduction in power consumption 
per unit of output, even before making allowance for savings in 
lighting and space heating. (See F. Griffiths Why Austin developed 
unit construction transfer machines. The Machinist, 21st January 
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do, this is a field where ever greater efforts by national 
agencies and private users may be needed simply to 
maintain past rates of improvement. There are some 
promising large fields for saving—for instance, by 
further electrification of the collieries and the railways 
and the greater use of diesel engines. But the 
emphasis on ever-increasing speeds in transport is an 
offsetting factor and the use of black oils for burning 
is extending to applications where the economies to 
be made by substituting it for coal are less than in 
earlier years. The use of an extra unit of electricity 
in industrial and residential premises can hardly be 
as productive of fuel economies in future as in the 
past, and, although there is still room for considerable 
improvement, there is little chance that the steam- 
driven power station will maintain its former rate of 
gain in generating efficiency. Radical inventions for 
economic large-scale production of electricity from 
fuel cells would, of course, alter the long-term 
prospect considerably but we must wait until they 
are mace before counting on them; in any case, they 
could hardly affect the prospect for the two or three 
decades iinmediately ahead. 

How all these factors will balance out no one can 
predict, but if we take the alternatives of fuel con- 
sumption increasing by .6 and .7 per cent. for every 
one per cent. increase in national income, then with 
national income doubling in 25 years, fuel consump- 
tion might grow as follows:- 


TABLE 1 


Tora INLAND Fue. ConsumpTiIon—HIGH EsTIMATE 
Assuming that for every one per cent. 
increase in national output there is an 

increase in fuel consumption of: 
.7 per cent. .6 per cent. 
(Million tons of coal equivalent a year) 


1954 ois 245 245 
1960 a 278 273 
1965 _ 309 299 
1970 ae 342 326 
1975 sie 377 354 
1980 _ 415 385 
1985 458 418 


Note: The coal equivalent of coke exports and 
non-fuel petroleum products is excluded. 


If the development in national income was at the 
lower inter-war period rate referred to earlier, and if 
fuel consumption increased .6 times as fast, growth 
would be at the substantially lower rate shown by 
the following figures:- 


TABLE 2 


ToTaAL INLAND FuEt ConsumpTiIon—Low EstTIMATE 
(Million tons of coal equivalent) 


1954 — ood 245 
1960 < sine 261 
1965 ae a 277 
1970 sas pe 291 
1975 _ se 305 
1980 ns 50s 320 
1985 ne ~ 336 


The difference between these various estimates is 
over !00 million tons by 1985 and is sufficient warning 
of the dangers of long-term forecasting. 


Ill. THE DEMAND FOR THE MAIN FUELS 

To assess the possible course of demand for each 
of the main fuels, the prospects in the principal 
consuming sectors must be examined but, before we 
do so, a few general considerations affecting the 
relative attractiveness of these fuels are worth noting. 


Coal and Oil 


Of the two primary fuels on which Britain is 
mainly dependent, oil has overwhelming advantages 
for transport uses as the result of the inefficiency of 
the mobile steam engine, the development of the 
internal combustion engine and the gas turbine, and 
the convenience with which high energy liquid fuels 
can be carried. In most other applications (almost 
the only exception favouring coal being the pro- 
duction of metallurgical coke) the two fuels can be 
substituted for each other. In most of the important 
industrial applications a ton of fuel oil will do the 
work of between 1} and 3 tons of coal, these figures 
allowing both for the difference in thermal content 
and the greater flexibility of oil and the improvement 
it yields in rate and quality of output. There are 
also important labour savings in favour of oil. At 
the lower end of the replacement range are big 
steam-raising installations like those of central power 
stations; in the middle are smaller steam and hot 
water boilers such as those used for central heating 
and also brick and pottery kilns, open hearth and 
reheating furnaces; at the top end of the range (oil 
replacing 3 tons and more of coal) are special furnace 
applications like heat treatment, forging and nut and 
bolt furnaces. Thus where regular supplies of fuel oil 
can be provided at a cost of not more than about three 
times that of coal, there is an economic incentive to 
use it, and where the price ratio falls below two this 
incentive is very strong. 

The price of oil relative to that of coal has fallen 
appreciably, and is now at a point at which rapid 
conversion from coal to oil can take place. Differences 
in the location of firms, in the qualities of the fuels 
and uncertainty about the discounts allowed for oil 
make a comparison of delivered prices difficult but 
Figure 3, based on the landed value of oil and 
pithead price of coal, illustrates the big rise in the 
real price of coal and the declining trend in that of 
oil’. The general trend over the last few decades 
has been for the price of black oils to fall relative to 
that of coal by about 1} per cent. a year. It is not 
surprising that the inland consumption of black oils 
is at present increasing by about 20 per cent. a year, 
although the uncertainty attaching to coal supplies 
is one factor contributing to this. 


Gas and Electricity 
The two main secondary fuels are in a somewhat 
similar position vis-a-vis each other as the two primary 





The data used in this figure are indices of the average 
pithead proceeds for coal, c.i.f. values of oil, average retail price 
of gas, and average selling value per unit of electricity. Adjust- 
ment for changes in the general price level has been made by 
means of a cost of living index for all goods and services. 
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fuels, the tide of fortune flowing much more strongly 
in favour of electricity than of gas. Many of the 
advantages that gas has over coal in flexibility, ease 
of control and cleanliness are shared by oil and 
electricity and the trend of prices has been in the 
latter’s favour. The strength of the position held by 
electricity is one of the dominating features in the 
fuel market. For lighting and power it has been 
supreme since the beginning of the century. For 
lighting it has the advantages of ease of control and 
of being several times cheaper than any other form of 
lighting. For power production the big economies in 
generating cost that follow from an increase in the 
size of power stations make it much cheaper for 
almost every consumer to buy electricity from the 
public supply than to generate his own power. Only 
in a comparatively small number of cases, where a 
firm has waste fuel such as blast furnace gas or wood 
waste or can profitably instal a back-pressure set for 
combined production of heat and power or has a 
very big power demand at a high load factor, does it 
pay industry today to have its own prime movers. 
As a source of heat, electricity starts with the initial 
heavy disadvantage that the greater part of the energy 
in the primary fuel is necessarily lost in the process 
of generation but the accuracy, flexibility and effi- 
ciency with which it can be applied and the resulting 
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advantages in labour and materials saving and 
improved rate of output is sufficient in a large 
number of applications to offset this. Increasing use 
is made of electric furnaces in industry; the induction 
heating furnace deals with steel billets in a fraction of 
the time needed by ordinary furnaces; infra-red 
heating reduces the drying time of pottery from a 
matter of many hours to one of minutes. Even for 
the comparatively crude tasks of domestic heating, 
the extra costs of the all-electric house are small and 
increasingly regarded as justified by the savings in 
labour and greater convenience®. A factor of 
significance is that the expansion of electricity 
consumption is inseparably connected with develop- 
ments in the forefront of technical progress (elec- 
tronics and ultra-sonics to mention only two) and 
with many of the domestic articles and services whose 
acquisition is a first objective as incomes rise. Finally, 
the competitive position of electricity has been steadily 
and rapidly strengthened by the fall in its price 
relative to other prices and to wages. This fall is 
shown in Figures 3 and 4. At the beginning of the 





6 Interesting cost data are given in the Reports of the Ridley 


Committee on National Policy for the Use of Fuel and Power Resources 
September 1952, Cmd. 8647 (Tables V and VI) and of the 
Beaver Committee on Air Pollution November 1954, Cmd. 
9322 (Table I). 





century for the price of an hour of unskilled labour 
one could buy about two units of electricity (equiva- 
lent to some thirty times the horse power equivalent) : 
now one can buy about 30 units (equivalent to some 
500 times the energy equivalent) for this price. 

Figure 4 also shows the long-term trends in 
electricity consumption, capacity installed and fuel 
used, and their extrapolation into the future. It 
seems possible, however, that growth may be even 
faster than is indicated by these projections. The 
continued fall in the relative price of electricity may 
tap such big markets—for instance, the domestic 
heating market—as to have this result. Certainly 
this year’s rate of growth in electricity consumption 
(11 per cent. over 1954 after adjustment for tempera- 
ture) bears out this possibility. 


Growth in the Main Consuming Sectors 


Figure 5 shows the big differences in the growth of 


fuel consumption between different sectors of the 
economy. What does the future hold in store for 
these sectors if the national output develops at a rate 
sufficient to double the standard of living in 25 years? 


Industry 


Among the many contributors to the national 
output, the pacemaker is manufacturing industry. 
Between 1948 and 1954 the total contribution of the 
others (including transport, building, fuel industries, 
distribution services, defence etc.) grew at two per cent. 
a year. Assuming that it continues to grow at this 
rate, the output of the manufacturing trades will need 
to be multiplied about 34 times if the assumed total 
growth in the national income during the next 30 
years is to be achieved. Figure 6 shows the close 
relationship that has existed since the end of the War 
between fuel consumption and the output of manu- 
facturing industry (excluding iron and steel). The 
index of consumption has been proportional to the 
0.65th power of the index of production and, if this 
continues to hold, industrial fuel consumption 
(excluding iron and steel) might grow from 67} 
million tons of coal equivalent in 1954 to 95 million 
tons in 1965, 122 million tons in 1975 and 152 
million tons in 1985. Within this total the part 
played by electricity and oil should grow appreciably. 

The steel industry will have a big part to play in 
an industrial expansion of the kind we are considering 
and, during the next few decades, its growth is 
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FIGURE 5 CONSUMPTION OF EACH TYPE OF FUEL 


IN THE PRINCIPAL SECTORS 
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unlikely to be seriously slowed down by the light 
metals. A doubling of steel output by 1980 does not 
seem unlikely. The prospect of coke being replaced 
for blast furnace use is still a distant one for this 
country, though as the result of continuing improve- 
ments in efficiency the use of coke should not increase 
as fast as the output of iron. The steel plants’ use of 
electricity is certain to grow rapidly, and further 
expansion can be expected in their use of oil. 


Agriculture is a promising market for fuel and 
power. The heated greenhouse is a profitable way 
of growing food, and soil warming and sterilisation 
are increasing. It may take nearly a ton of coke to 
produce a ton of dried grass, and grain and grass 
driers are finding increasing favour. It is also found 
advantageous to keep livestock—particularly poultry 
and pigs—warm. The use of electricity on farms has 
been growing at an average rate of 20 per cent. per 
annum in the last six years and, even after the last 
scattered farm has been joined up to the public 
supply, the scope for wider use of electricity for 
lighting and heating farm buildings and providing 
power for machinery and appliances will result in 
continued growth. The use of diesel oil in tractors, 
which has}more than doubled in the last six years, 
can also be expected to continue although this is at 
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the moment being more than offset by the decline 
in use of the less efficient vaporising oil. 

The use of fuel by collieries (almost entirely coal 
and purchased electricity) has declined from about 
19 million tons a year of coal equivalent after the end 
of the First World War to about 114 million tons a 
year today. Most colliery engines are small and 
inefficient and, as they are replaced by purchased 
electricity, the collieries’ consumption will drop. 
Offsetting this is the continued increase in depth of 
the mines, the growing volumes of air and water to 
be moved and the increase in mechanisation. On 
balance, however, there should still be a substantial 
fall in colliery consumption. 

How much fuel will be consumed by the refineries 
depends mainly on the extent to which the oil 
companies extend their refining capacity here. Plans 
for further major extensions have not been announced 
and in deciding whether such extensions should be 
made the companies will have to give consideration 
to many factors, including the likely balance of 
demand between the different products and the 
problem of balancing their British with their overseas 
trade. I assume that, in line with the general basis 
of the present estimates, refining capacity will be 
extended at least in proportion to the possible increase 
in total demand for the light oils and middle distillates. 





Residential Premises 


Figure 7 shows the changes in total fuel consumption 
in residential premises plotted against changes in the 
gross domestic product. Two indices of consumption 
are taken: one, the coal equivalent of the quantity 
of fuel used and the other, an index of total personal 
expenditure on fuel and light adjusted for price 
changes. Both indices are adjusted for temperature 
variations. It will be seen that the two show a general 
relationship with changes in the gross domestic 
product, though the relationship was steeper in the 
early, than in late, years of the period. A broad 
generalisation which might be applied with reserve 
to the future is that total residential fuel consumption 
increases at nearly half the speed of the national 
product. Within this, the expansion of electricity can 
be expected to be very fast because of its falling price 
relative to other fuels and most other items of personal 
expenditure, and because its convenience and _ its 
close association with many of the gadgets and 
amenities of modern living make its increased use one 
of the main consequences of higher incomes’. 
Further expansion in the domestic demand for oil is 
also likely while the use of raw coal and of gas may 
decline. 


Road Transport 


In recent years the volume of traffic on the railway 
has changed very little and the growth in goods 
traffic has been on the roads, so that by now about 
half of the total ton-miles of this traffic is accounted 
for by road vehicles. The advantages of direct 
door-to-door movement are very great and the cost 
of moving goods by road appears to have increased 
more slowly than that of other forms of transport’. 
There is not a simple relationship between total 
goods traffic and the increase in industrial output. 
The latter partly takes the form of more complex 
design and improved quality, and the tonnage of fuel 
and raw materials used by industry grows more slowly 
than its output of finished products so that the ton- 
miles of goods traffic can also be expected to increase 
more slowly. Making the very conservative estimate 
that the total volume of goods traffic expands from 
about 42 milliard ton-miles in 1955 to 72 milliard 
ton-miles in 1985, and that the railways—thanks to 
their modernisation—capture a fifth of the new 
traffic, it seems that road traffic may be doubled 
and that there may be 2} million lorries on the roads 
in 30 years time—that is, twice the present number. 

The rapid increase that I have postulated in real 
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incomes promises to let loose an avalanche of cars on 
our already tortured road system. The acquisition 
of a car ranks with electrical appliances as an early 
charge on an increase in personal income. Since 
1938 the number of private cars has grown 1} times 
as fast as the national income, despite the deterrents 
of the purchase tax and increased petrol tax and the 
difficulties in obtaining new cars. Doubling the 
standard of living in 25 years would mean that the 
ordinary working man in 1985 will be enjoying the 
real income of car owners of today, and this must 


vastly increase the market for cars. Continuation of 


the post-1938 relationship between national income 
and number of cars is not at all unlikely and, fright- 
ening as it may seem, this implies that the total number 
of cars licensed in 30 years time may be more than 
11 million or three times the present number. There 
would then be about one car for every five of the 
population compared with the ratio of about one to 
three already reached in the United States. Such in- 
creases in road traffic may strain the road authorities 
even more than the oil industry but they nonetheless 
imply the use ef nearly twice as much motor spirit 
and Derv fuel as at present, 
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Air Transport 


The switch to turbo-props and jets involves 
something like a 50 per cent. increase in aircraft 
fuel consumption per passenger-mile. More efficient 
design and higher altitude flying will tend to reduce 
consumption, but the continual pressure for ever 
faster speeds is an offsetting factor. The price of air 
travel relative to other forms of transport is dropping 
and this, and the speed and convenience of aircraft, 
make it certain that there will be a vast increase in 
their usage during the next three decades. Fuel 
requirements for civilian aircraft during that period 
can be expected to be multiplied many times over. 
No attempt can be made to estimate military aircraft 
requirements, but a recent report that one of the 
intercepting aircraft being designed today has pumps 
capable of delivering a ton of oil a minute is worth 
noting. 


Railways 


A few years ago one of our leading locomotive 
engineers summed up the position of the steam 
locomotive in these words; “‘ The steam locomotive 





suffers chronically, as it has done for a century and a 
quarter, from an unfortunate inability to digest the 
full substance of its calorific food. Aggravated by a 
large appetite, this incurable indigestion leads to 
other ancillary ills in the process of repairing, fuelling, 
watering and general servicing, and realising all this 
railwaymen are seeking for other forms of traction 
having better qualities in thermal efficiency and 
availability, always, however, with a wary eye on 
the cost.”® The advantages of electric and diesel 
locomotives have now been admitted by the staunchest 
supporters of the steam engine and the railways’ new 
plan’ is based on a shift to these forms of traction. 
By 1970 the railways’ consumption of coal may be 
reduced to about five million tons a year while that 
of electricity may have doubled and that of oil have 
reached a million tons. By 1985 the use of electricity 
may have doubled again and the use of coal reduced 
to not much more than about one million tons a year. 
Bunkers for Foreign-going Vessels 

The swing from coal to oil is already in its last 
stages; the use of coal for this purpose, which 
amounted to 21 million tons in 1913, is now only two 
million tons a year and is declining at the rate of 
about 10 per cent. a year. By 1985 the replacement 
of coal may have been virtually completed and the 
use of oil for this purpose may have grown from its 
present level of four million tons a year to about six 
million tons a year. There may also by then be 
some use of atomic energy in ships. 


Exports 


Contemplation of the pre-war level of this trade, 
of the comparative cost of British and foreign cvuals 
and of the growing needs of our European neighbours 
for imports of energy would suggest that the potential 
demand for British coal exports is very high. But we 
have to reckon with social and political pressures to 
protect high-cost coal industries from foreign competi- 
tion and, once a limited distance from British ports is 
exceeded, the trade feels the influence of low-cost 
American coal. Still more important are the points 
that it pays European countries better to import oil 
than coal, that they have a substantial capacity of 
hydro-electric power which they are finding it 
economic to develop rapidly and that, in the longer 
run, low-cost nuclear power will be at least as 
attractive to them as it is to us. The demand for 
British coal and coke (which was 83 million tons in 
1923 and 43 million tons in 1937) has shown a 
tendency to shrink back to North Sea and Irish 
markets, and the reductions which have recently 
been enforced by shortage of supplies, together with 
the deep-seated factors to which I have just referred, 
may make it difficult to revive this trade to its 1954 
level of 15 million tons. 

The oil companies will no doubt continue to find 
it convenient to maintain, and perhaps extend, the 
export trade in oil products (now running at about 
seven million tons of oil a year) in order to help 
balance refinery operations and to facilitate the 
geographical movement of oil, but the extent of this 





*® C. M. Cock. Motive power for railways. J. Inst. Locomotive 
Engineers, Vol. 42, 1952. 

10 British Transport Commission. 
equipment of British Railways, London 1955, 


Modernisation and Re- 


trade depends upon too many imponderables to be 
readily estimated and it may for present purposes be 
left out of account. 


Summary 
The estimates for each sector of inland consumption 
and for bunkers suggested by the above considerations 
may be summarised as follows:- 
TABLE 3 
Estimate of demand for primary fuel in the 
principal consuming sectors 


1954 1960 1965 1970 1975 1980 1985 
Million tons of coal equivalent) 





Agriculture 2.8 3 + § 6 6 7 
Iron & Steel 32.5 39 +4 49 54 59 64 
Manufacturing 67.6 82 3 Me Wz 1% 152 
Collieries 11.4 10 8 8 7 7 7 
Refineries 3.3 Be 5 6 7 7 7 

Total industry 117.6 138 156 176 196 215 237 
Railways 15.0 134 I14 9 8 74 7 
Other transport 17.3 21 234 26 28 293 31 
Domestic . 6.3 6 73 78 83 88 94 
Miscellaneous... 29.4 34 38 43 48 54 60 





Totalinland 244.6 2754 302 332 363 394 429 
Foreign bunkers 9.0 9 93 9} 10 10 104 





Total ... 253.6 2834 311 3414 373 404 4393 





Notes: (1) The consuming sectors are the sectors of final 
consumption, the electricity, coke and gas used in 
. these sectors being expressed in terms of the primary 
fuel needed to produce them. 
(2) One ton of oil products is assumed to be equal to 
1.7 tons of coal. One ton of gas coke = one ton of 
coal and one ton of metallurgical coke = 1.3 tons 
of coal. Electricity is expressed in tons of coal on 
the basis that a ton of coal yielded 1,650 units in 
1954 and that the yield will increase to 2,300 units 
in 30 years time. 

The total inland consumption suggested by the 
sector estimates lies between the two estimates given 
in Table | and corresponds to an increase in fuel 
consumption at about .63 times the rate of increase 
in the national income. Although interesting, this 
result does not, of course, prove that the future 
relationship will be less than the .7 used for the 
higher estimate in Table 1. The sector estimates 
suggest that growth will be mainly in industry— 
particularly the manufacturing trades—domestic 
premises and miscellaneous users (commercial 
premises, public buildings, etc.). There should be a 
substantial fall in railway and colliery consumption. 
The increase in road transport is slower than might 
otherwise be expected because of replacement of 
motor spirit by Derv fuel. 

Demand for electricity will grow fast, perhaps as 
fol'ows :- 


TABLE 4 
Electricity 
Electricit Fuel Required 
Domestic Industrial, Other Total require: required capacity 
including to be by power of power 
agriculture sent out stations _ stations 
(million (million 
(milliard kWh) tons of kWI at 
coal mid-year) 
: equivalent) 
1954 ... 18 32 13 63 70 42 204 
1960... 26 49 19 94 © 105 56 29 


Se .. S 68 27 128 142 71 38 
1970 ... @ 90 34 164 181 86 47 
me... BD 114 45 209 231 104 58 
1980 ... 62 139 57 258 284 123 70 
1985 .,. 74 165 69 308 339 145 82 





These estimates are slightly higher than those given 
in last February’s White Paper presenting A Programme 
for Nuclear Power'', the difference partly reflecting the 
improved long-term prospect opened up by nuclear 
power itself. It is true, of course, that electricity 
cannot continue indefinitely (or, indeed, for many 
years) to grow at a fast rate. There are limits to the 
proportion of total investment that can be devoted 
to power stations and electricity consuming appliances. 
But the present estimates, which allow for a slowing 
down in the rate of growth and for a smaller ratio of 
increase in electricity supply to increase in national 
output than obtained in 1954, still leave the level of 
consumption in 1985 below the likely saturation level. 

The increase for the carbonization industries, 
though significant, is less substantial and arises mainly 
from the need for metallurgical coke. Extension of 
the iron and steel industry’s coke requirement is 
assumed to be from 17} to 31 million tons between 
1954 and 1985 and the demand for gas may grow 
from 3 milliard therms to 4} milliard therms. The 
total fuel requirements of the carbonization industry 
would then develop from 53 million tons of coal 
equivalent in 1954 to 76 million tons in 1985, a part 
of this being met by oil. 

If (and the qualification is important) present 
relationships in coal and oil prices continue and 
there are no difficulties about the supply of the 
principal products required, the demand for oil can 
be expected to swell enormously. Since the end of 
the war, the average rate of growth of petroleum 
fuels (including bunkers and refineries) has been 
about eight per cent. a year and the 1955 usage is 
about 25 million tons of oil. Growth in recent years 
has been fast for transport uses and faster still for the 
black oils burned in boilers and furnaces. Inland 
consumption of black oils (excluding Derv and 
refinery fuels) so far this year has been 19 per cent. 
more than in the same period of last year. This rise 
in consumption—mainly in manufacturing industries 

is due to be supplemented by the big increases in 
the use of oil at power stations which are to be made 
in pursuance of the Government’s policy that more 
oil should be used in order to fill the gap in coal 
supplies'*. The gas industry is planning to extend oil 
gasification and the use of refinery tail gases and 
surplus products. If these plans are realised, the 
inland consumption of oil in 1965 can be expected 
to be about 45 million tons a year, of which about six 
million tons will be used in power stations. Its 
technical advantages and the favourable movement 
of its price relative to that of coal in recent decades 
already makes oil an attractive replacement for coal 
in important parts of the coal market. If there are 
no difficulties in supplying the products demanded 
(particularly the black oils) the demand for oil will 
certainly not ebb after 1965, but can be expected to 
flow still further into the energy market. On these 
assumptions, demand might well continue to rise as 
shown in Table 5. 





1 Cmd. 9389. 
12 Hansard, 20th July, 1955, Col. 388. 
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TABLE 5 


Possible demand for oil for inland consumption and bunkers 
if economic activity grows fast, present price relationships 
continue and there are no difficulties of oil supplv 

1954 1960 1965 1970 1975 1980 1985 
Million tons of oil) 


Light oils a 87 Wt HH 8B 12 124 124 
Black oils 
Roadand rail... 1.4 24 3 44 5 6 7 
Industry (inc. 

agriculture)... 4.2 104 16 , a7 f 
me stations... 0.2 5 6 29 37 “4 304 
Domestic, gas 

works & other 2.0 4} 6 7 84 10 11 





Total black oils 7.8 22} 31 40} 504 60 683 


Refinery fuel ... 1.9 24 3 33 4 4 4 
Total inland oil 18.4 354 454 56 663 764 85 
Bunkers e,: 4} 4} 5 53 543 6 


Total inland & 
bunkers... 22.2 40 50 61 72 82 91 





Note: The light oils cover aviation fuels, motor spirit, kerosene 
and light products for gas making. The black oils cover 
gas, diesel and fuel oil. Petroleum products not used as 
fuels are excluded. 

IV. SUPPLIES OF PRIMARY FUEL 

Coal 

It is the difficulty in expanding coal production, 
which in spite of the fast increase in oil supplies in 
recent years still provides more than four-fifths of 
total energy supplies, that chiefly gives rise to anxiety 
about the fuel situation. This difficulty is not due to 
lack of coal in the ground. Considering all coal in 
seams 14 inches or more thick and up to 4,000 feet 
deep, the total reserve is estimated to be of the order 
of 170 milliard tons or over 700 times the present 
annual rate of extraction!’, But it is not the coal in 
the ground that matters so much as the difficulties 
and cost of extracting it, and the shortages of 
particular types of coal (for instance, of coking and 
gas coals). It is important to explain the nature of 
some of these difficulties and in doing so one’s text 
could well be the proverb “he that liveth longest, 
let him fetch fire furthest.” 

The first point to be made is that directly alluded 
to by the proverb—that the coal becomes increasingly 
inaccessible and difficult to mine as it is worked. The 
very nature of mining is such that labour productivity 
cannot increase at the speed possible in manufacturing 
industry where the environment is under the control 
of the management, supervision is easy and output 
per man is largely a function of factory planning and 
machine design and utilisation; substantial amounts 
of new capital are needed by the mining industry, 
not only as in the case of factory trades to replace 
obsolete and worn-out plant and buildings, but to 
cope with the fact that while the miners have been 
working their raw material has retreated. These 
unfavourable features are not only always present but 
are getting worse; the raw material is deteriorating 
in quality and retreating to increasingly inaccessible 
places. For a long time the quality, accessibility and 
cheapness of her coal made Britain a magazine for 
other countries. Only a hundred years ago we were 
exporting more than half of all the fuel entering into 





13 World Power Conference, Statistical Yearbook No. 7, 1954 
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world trade. But in the early days good coal was complete. Some coal is left behind even in the most 


easily won. As the workings have got deeper the 
temperature and pressure of the rocks have increased, 
the enormous quantities of air and water that have 
to be moved have got bigger, greater physical effort 
has become necessary to extract the coal and more 
care has become necessary to maintain roof control. 
In 1924 the average depth of mine had reached a 
thousand feet and is now about 1,300 feet; the new 
mines at present being sunk are 2,000-3,000 feet 
deep; and in Lancashire coal is already being got at 
a depth of over 4,000 feet. The best seams, like the 
Top Hard of the East Midlands, the Barnsley Bed of 
Yorkshire and the Black Vein of Monmouthshire, 
have been largely exhausted and the industry has 
had to turn to seams disregarded by earlier genera- 
tions. This increasing difficulty in the task of mining 
coal has long been appreciated, and in a prophetic 
passage Jevons wrote nearly a hundred years ago:- 
** Our industry will certainly last and grow until our 
mines are commonly sunk 2,000, 3,000 or even 4,000 
feet deep. But when this time comes, the States of 
North America will still be working coal in the light 
of day, quarrying it in the banks of the Ohio and 
running it down into boats alongside.”’ 

The estimated reserve of coal in the ground gives 
an exaggerated impression of the amount of coal 
available for use. A substantial part will have to be 
left in the ground because extraction cannot be 


efficient mines. Some occurs in small patches broken 
by faults or in isolated seams or in heavily-watered 
strata which are not worth working. Some has to be 
left behind to give support to key surface structures. 
The ash and sulphur content of much of the coal is 
high and coal lying in seams of less than two feet 
thickness at depths of three or four thousand feet is 
not, in any case, a very attractive proposition. The 
amount of recoverable coal has not been closely 
assessed in Britain'*, but the American experience is 
illuminating. The United States’ reserves were 
originally estimated by Campbell as 3,100 milliard 
tons. More careful work showed that much of the 
coal inferred to exist in continuous seams was absent 
and the present estimate of the U.S. Geological 
Survey of the amount in the ground is 1,900 milliard 
tons!®*, About 40 per cent. of this is thought to be in 
beds so thin or deep as to involve a doubling of present 
mining costs. If coal with an ash or sulphur content 
that is not commercially acceptable is excluded, and 
if it is further assumed that the present percentage of 
recovery in United States mines (only 50 per cent.) 





1@ A good recent account of British coal reserves, though not 
quantitative in character, is Mr. E. H. Browne’s The Coalfields of 
Great Britain and their Future Development. Trans. of the Institution 
of Mining Engineers, 1954-5 Vol. 114, Part 8. 

18 Averitt, Berryhill and Taylor, Coal Resources of the United 
States. U.S, Geological Survey, Washington, D.C. 1953. 
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continues, the estimated recoverable coal is only about 
600 milliard tons or a fifth of the original figure. 
This estimate errs on the side of excessive caution; 
Europe is already working less attractive coals than 
assumed in the calculation, and its recovery per- 


centage is about 75. But the general warning 
that the American experience gives about the 
over-optimism of estimates of coal in the ground 
remains good. 

The third point to be made about coal production 
is that it is one of the most labour intensive of all 
major industries, and this has grave consequences for 
the price of coal. Although a great deal of mechanical 
and electrical energy is employed in the mines—so 
much so that, in terms of its horse power equivalent, 
human labour does not account for more than about 
one per cent. of the total energy used—the tasks of 
pumping and ventilating the mine and moving coal 
and rock require a large use of energy, and hard 
human labour in dark and dangerous conditions 
remains the key feature of the industry. The pro- 
portion of the total cost of production accounted for 
by wages has always been high and, there having 
been’ comparatively little increase in labour pro- 
ductivity, it has declined little over the last hundred 
years and is much higher than in manufacturing. 
Whereas in the factory trades the total wage bill is 
only two-fifths of the total net value of the work done, 
in coal mining it is nearly four-fifths. Now two of 
the characteristics of the long-term development of 
the country are the rise in wage rates and prices, the 
former rising faster than the latter as real earnings 
increase and hours of work fall. Under these condi- 
tions an industry with a relatively high proportion of 
wage costs and whose labour productivity is, for the 
reasons indicated earlier, increasing more slowly than 
in other industries, will inevitably suffer a bigger 
increase in total costs than other industries. 

For similar reasons the improvement in national 
standards of living that takes the form of better 
working conditions, shorter hours, longer holidays 
and improved sickness and accident benefits are of 
special significance to the mining industry. The 
pressure for these improvements naturally tends to 
be high because of the arduous and dangerous nature 
of the work. As other industries, which find it easier 
to do so, improve working conditions, the mining 
industry must follow suit in order to maintain its 
labour force. The effect on its production costs is 
particularly serious. 4 

These deep-seated difficulties have been aggravated 
by the unfortunate developments of the period 1913- 
1945. The collapse of the export and bunker trade 
and the stagnation of the inland market led to a fall 
in total demand for coal from 287 million tons to 
188 million tons a year—a fall of more than a third. 
In the financial state the industry was in, investment 
was inevitably very low and took more the form of 
new machinery giving quick returns, than of new 
pits; only a fifth of the industry’s output at national- 
isation came from mines that had been sunk during 
the preceding 30 years. Two World Wars intensified 
the shrinkage of productive capacity and the weaken- 
ing of the administrative and professional cadre. 
The failure to sink new pits or carry out major 
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reconstructions was lamentable because a pit cannot 
be sunk faster than the limited amount of human and 
mechanical energy that can be concentrated at its 
bottom makes possible; ten years may be needed in 
practice before it is brought into production. The 
small number of first-rate mining engineers with 
experience of carrying through large schemes who 
were left in the industry at the end of the War was 
no less serious. 


Future Prospects for Coal 


What are the prospects for increased coal output? 
I am not going to try to give a figure, but will only 
emphasise two points. The first is that no quick 
increase can be expected. It was only in 1952 that 
investment in the industry was substantially increased 
and no returns from the current high level of capital 
expenditure can be expected for some years. The 
second is that there is no prospect of cheap coal. The 
easily-mined coal in this country has long been dug 
up and consumed. The high proportion of wage costs 
in the industry means that as general standards of 
living rise, the impact of higher wages and reduced 
hours of work is much greater on it than on other 
industries. There will be no easy gains in labour 
productivity to offset this factor. The best hope lies 
in large-scale introduction of machine mining, but 
this and the new pits will be expensive and will involve 
a corresponding increase in capital charges per ton 
of coal mined. It would be most unsafe to assume 
that the long-term trend of increase in the real price 
of coal that is shown in Figure 3 will not continue. 
These may be disappointing statements. But the coal 
industry, above all others, is one where man is 
“ fighting bare-knuckled Nature in the ring”’. The 
deep coal mines offer no easy rewards. A facile 
estimate of their future output could do much more 
harm than good. It is more important to have an 
understanding of the difficulties that have to be 
overcome. 
Oil 

Although oil consumption is now growing so fast 
that it is carrying the greater part of the total increase 
in energy consumption, and although the industry 
should be able to sustain this fast increase for many 
years, the long-term prospects for sufficient supplies 
being available are doubtful. So far, as the result of 
great expenditures and the most advanced methods 
of discovery, the industry has been strikingly success- 
ful in maintaining, and indeed increasing, the ratio 
of proved reserves to annual production. Proved 
reserves are now over 21 milliard tons or about 30 
times the annual rate of world production, new 
discoveries are continually being made, vast areas 
still remain unexplored, and no doubt many large 
new fields remain to be discovered. Growing 
emphasis on reservoir engineering, both in primary 
and secondary recovery, ensures that an increasing 
proportion of “ oil in place’ is recovered. On the 
other hand, the demand for liquid fuels is going up 
rapidly in all countries. It is hard to see fields as 
prolific as those of Texas, Venezuela, Iran and 
Kuwait continuing to be discovered as rapidly as in 
the past, and some of the big existing fields have 





passed their peak yields. Already there are signs that 
the fall in the real price of oil that has taken place 
in the last 50 years will not be continued!®. Develop- 
ment of oil reserves at great depths and on the con- 
tinental shelves will naturally be expensive and so 
will extraction of the remnants of oil from the old 
fields. Oil from shale and tar sands will not be cheap. 
Although their precise extent is a matter for 
speculation, the remaining reserves of oil are 
certainly much less than those of coal. It would 
seem wise to anticipate that before the end of the 
century the oil companies of the Western World will 
be encountering difficulties in maintaining the 
expansion of supplies. For the period that we are 
considering, however, there is a reasonable expecta- 
tion that the necessary supplies will be forthcoming 
although they may well be at a higher real price at 
the end of the period than at the beginning. 


A Further Problem 


A further problem is presented by the bad balance 
of the likely growth in demand as between the main 
products. The oil industry has developed mainly as 
a producer of the more refined products—fuel oil 
being mainly a by-product of this development and 
its landed value in this country being normally below 
that of crude oil. But the growth of demand is likely 
to be much faster for the heavy than the light end of 
the refinery range. Table 5 suggests that by 1975 
the demand for aviation fuel, motor spirit and 
kerosene will be only a sixth of the total demand for 
petroleum fuel and that by 1985 it will only be a 
seventh. Present refinery out-turn is about three- 
tenths in the form of the more expensive light oils. 
The companies may be able to do something towards 
offsetting this trend in demand away from the light 
products by balancing the trade in countries like 
Britain with that in the United States, where the 
demand is greater for the light end of the range. 
The use of crude oils containing a high proportion 
of fuel oil will help and so will the addition to 
diesel and fuel oils of certain light fractions not 
now in them. But the trend in other countries is 
also in favour of faster growth of black oils, and 
in due course diminution in the availability of 
natural gas may push the United States in the 
same direction. It is hard, therefore, to envisage 
the pattern of growth set out in Table 5 develop- 
ing without an eventual increase in the price of 
the black oils relative to the light and without the 
price of fuel oil creeping closer to, or perhaps even 
exceeding, that of crude oil. 


Water Power 


The resources of water power in Britain are limited, 
the bulk of them (sufficient to save about five million 
tons of coal a year at thermal power stations) being 
in the Scottish Highlands and the total for the whole 
country being no more than would save seven million 





16 Mr. F. C. Waddams, in his recent (4th October, 1955) 
address to the Institute of Petroleum on “ Investment in the 
Oil Industry,” draws attention to the tendency for the return 
on capital employed in the industry to fall because of rising 
costs. 


tons of coal a year'*. The amount already developed 
is only sufficient to save about a million tons of coal a 
year and most of the remaining potential is relatively 
costly to develop and more suitable for peak, than 
base, load operation. Development is, however, 
going ahead in the North of Scotland and it is possible 
that by 1970 water power will be saving two million 
tons of coal a year and by 1985, three million tons 
a year. 


Nuclear Power 


The prospect for continued growth and prosperity 
of the population of this and other countries would 
be brutally short but for the promise of nuclear 
energy. Last August’s International Conference at 
Geneva showed that the United States, the Soviet 
Union, Canada and Britain are far advanced in the 
development of commercial power stations using 
nuclear energy. The papers submitted were remark- 
ably unanimous on the economics of these stations. 
The capital costs of the early types already in course 
of construction will be about twice those of conven- 
tional power stations and the percentage “* burn up ™ 
of atomic fuel will be low. Even so (provided the 
stations are operated at a high load factor, and 
reasonable offset is made for the plutonium produced) 
the final cost of electricity is expected to be less than 
0.6d. per unit and so fully competitive with conven- 
tional stations in Britain, though not generally 
speaking in the United States where the conventional 
fuels are cheaper. The scientists are confident that 
these early types will bear little more relation to later 
developments than did the early cars or aeroplanes. 
Capital costs are predicted to fall to the level of the 
conventional power station and the “ burn up” of 
fuel should increase until something like a third of 
the total energy in the nuclear fuel is utilised. From 
the present stage when a ton of uranium can be made 
to do the work of about 10,000 tons of coal, the point 
should be reached where it will replace a million 
tons of coal. The cost of electricity may drop to 
about 0.3d. per unit generated. This is in pleasing 
contrast to the prospects of the stations burning 
conventional fuels which cannot now look forward 
to being able to generate for much less than 0.7d. 
per unit. 


Two Immediate Questions 

Two questions immediately occur, and to both of 
them there is a reassuring answer. The first is 
whether there are sufficient reserves of atomic fuels. 
Until recently no serious search had been made for 
uranium, but the rate of mineral discovery has 
probably never been as fast as it has been for uranium 
in the last two decades. Major commercial dis- 
coveries have been made in widely-scattered localities 
from the refuse heaps of the South African gold mines 
to Rum Jungle in Australia and from Beaverlodge 
and Blind River in Canada to Laguna and Poison 
Canyon in New Mexico. There are important de- 
posits in the Congo, Central Europe, Utah, and many 





17 See Williamson, James. Water power development in Great 
Britain. Engineering, Vol. 168, No. 4372, 1949, and Peattie, 
J. D. and Fulton, A. A. Integration of hydro and thermal generation 
in Great Britain. World Power Conference, Rio de Janeiro, 1954 
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other places. Although exploration is still in its early 
stages, the known reserves of the producing nations 
of the West alone include over a million tons of 
uranium that can be produced at a cost of less than 
£4 per pound for U,0, in high-grade concentrate. 
Several million tons more can be produced at up to 
£10 per pound and there are very much larger 
quantities (including, for instance, the enormous 
phosphate and shale deposits of Mexico, the United 
States and the Baltic countries) which have lower 
concentrations of uranium but which may still be 
commercially worth working, particularly ifassociated 
minerals——for instance, shale oil—are exploited at the 
same time. The known reserves have, in fact, a heat 
content several times greater than the world’s total 
reserves of the conventional fuels and the uranium 
production already developed suffices for a world- 
wide programme of nuclear power development!®. 
In addition there are in India, Ceylon, Brazil, the 
United States and elsewhere important reserves of 
thorium, which has good prospects of use in advanced 
types of reactors. | Moreover, there is a chance of 
securing the controlled release of energy from nuclear 
fusion, so enabling light elements like deuterium and 
lithium to be added to the list of fuels. 

The second question is whether, setting aside the 
dangers of large-scale manufacture of atomic arma- 
ments, nuclear power can be developed without 
serious risk to health. Theoretically, a reactor 
disaster could release large quantities of radio-active 
materials and while these might cause no more 
immediate casualties than would an accident to a 
large chemical works, they could interfere for a much 
longer time with the livelihood and homes of the local 
population. Fortunately, reactors of a self-regulating 
character can be designed and techniques of inspec- 
tion and control are well developed. Although 
safety precautions must remain a vital consideration, 
there is no reason to think that the dangers of an 
explosion will prevent the development of this form 
of energy. 

The information released during the last few 
months already makes the estimates of the future of 
atomic energy given in February’s White Paper on 
A Programme of Nuclear Power appear conservative. 
But the programme envisaged in the White Paper is 
extremely ambitious. We have not yet a nuclear 
power station in production and until some of the 
existing projects have been successfully hatched it 
would seem unwise to count on beating this pro- 
gramme. We may hope, therefore, that nuclear 
energy will be replacing six million tons of coal by 
1965 and perhaps 40 million tons of coal by 1975. 
Thereafter, it seems possible that all new generating 
capacity will be of this kind, there being no problem 
of restricting nuclear stations to base load operation 
because by then their capital cost will have fallen 
close to that of conventional stations, and stations 
will have been developed of a type sufficiently 
flexible for medium load operation. On this basis 





8 See Johnson, Jessie. Nuclear Fuel for the World Power Pro- 
gramme. International Conference on the Peaceful Uses of 
Atomic Energy, Geneva 1955—Paper 470. 
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nuclear energy would be doing the work of 94 
million tons of coal a year by 1985, and would then 
constitute nearly two-thirds of the fuel consumed at 
power stations. In addition, nuclear energy is likely 
to be developed for other purposes —in particular for 
ship propulsion and as a source of heat for industrial 
plants with a large process and space-heating 
requirement. 


Other Sources of Energy 


There are a number of other sources of energy that 
are being investigated at present or are being 
developed on a pilot plant scale. Some of these, for 
instance those aiming at direct use of solar energy 
and the fuel cells which aim at direct production of 
electrical energy and the freeing of power production 
from the limitations of the Carnot cycle, would, if 
successful, have a significance comparable with the 
development of nuclear energy. The discovery of 
large quantities of natural gas would revolutionize 
the prospects of the gas industry. But these possibi- 
lities are still remote. Others—for instance, under- 
ground gasification, peat utilisation, methane drainage 
and wind power—offer more definite prospects of a 
small but still useful contribution to energy supplies 
during the next two or three decades. 


V. CONCLUSIONS 


Having surveyed the problem from both sides, 
what can now be said about the possibilities of 
supplying enough primary fuel to meet the growth 
in demand for energy during the next thirty years? 
If economic expansion is no faster than in the inter- 
war period, there should be no shortage of fuel 
though there will be various problems of adjustment 
as the newer sources are developed; a moderate 
increase in oil during the next decade and, thereafter, 
a modest nuclear power programme should suffice to 
make up for any deficiencies in coal supplies. But 
can supplies be made available to sustain an expansion 
fast enough to enable the standard of living to be 
doubled in a generation? The estimates made in 
Sections II and III of this Paper suggest that the 
maximum increase in inland fuel requirements that 
might be expected under these circumstances is that 
shown in Table 1—from 245 million tons of coal 
equivalent in 1954 to 458 million tons in 1985. 
Detailed consideration of the factors determining 
consumption and of the prospects in individual sectors 
suggests that this increase is too big, but it may be 
adopted in order to be on the safe side. Adding 
bunkers and an arbitrary figure of 10 million tons for 
coal exports, the highest estimate of the total demand 
it seems reasonable to consider is one rising from 269 
million tons of coal equivalent in 1954 to 329 million 
tons in 1965, 397 million tons in 1975 and 479 
million tons in 1985. The nuclear power programme 
now in hand is hoped to contribute the equivalent of 
40 million tons of coal a year by 1975 and a further 
extension to 94 million tons a year by 1985 would 
seem possible. Satisfaction of the growth in oil 
demand sketched out in Table 5 would increase 





energy supplies from the equivalent of 38 million 
tons of coal in 1954 to 155 million tons in 1985. 
Finally, the expansion of hydro-electric capacity, use 
of nuclear power for ship propulsion and _ process 
heating and development of new techniques like 
underground gasification might contribute at least 
five million tons of coal equivalent a year by the end 
of the period. The part of demand remaining for 
coal would then rise from 230 million tons in 1954!" 
to a peak of about 240 million tons in 1970. Only 
in the following years would the pressure on coal be 
eased by the massive injection of nuclear power and 
fifteen years later in 1985 the demand for coal would 
still be about 225 million tons, or more than the 
present production. 

Marshalling of supplies in this way would satisfy 
the biggest demand that need be envisaged, and at 
lirst sight the figures seem very reassuring since they 
indicate a task for the coal industry that is below the 
target of 240-250 million tons that the National Coal 
Board has set itself*°. But this gives no grounds for 
satisfaction. The experience of the last four years has 
given a good hint of the difficulties of expanding coal 
output. Output in 1955 is likely to fall slightly short 
of that of 1951. With other industries, whose 
competitive position is stronger, striving to grasp 
more labour, mining manpower may go on declining, 
and great efforts will be needed to offset this and the 
natural loss of mining capacity. 
living improve the miner will want to reduce his 
hours of work and increase his holidays. Moreover, 
this year’s likely total output of about 222 million 
tons of coal includes a substantial marginal tonnage 
that cannot be maintained indefinitely; besides the 
output from high-cost mines, it includes over 1!1 
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years, new sources of energy equivalent to over 210 
million tons of coal a year. The coal industry in its 
heydays took about twice as long to expand output by 
this amount. Obviously, much hangs on the success of 
Calder Hall and its successors. Even the amazing capa- 
cities of the oil companies will be taxed to execute the 
plans that have been made for the expansion of oil sup- 
plies during the next decade and to provide for further 
growth thereafter. The companies will have to 
overcome great difficulties in discovering sufficient 
new supplies of inexpensive crude oil and in coping 
with the likely shift in the balance of demand for the 
main products. The import bill for oil will rise to 
impressive levels. Inability of the companies to meet 
the whole of the demand for oil or of the nation to 
earn enough from its export trade to pay the bill 
would shift more responsibility on to coal. The 
latter would have to take the place of fuel oil and 
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predict. The best we can do is to try to assess their 
possible magnitude and bend our efforts to their 
accomplishment. 


It is a pleasure to acknowledge the help of several 
friends — particularly Mr. P. G. M. Clark — in the 
preparation of this Paper. The writer takes sole 
responsibility for the views expressed, which are not 
necessarily those of the Ministry of Fuel and Power. 


'* In 1954 requirements exceeded home production by about 
six million tons, of which roughly half was met by imports and 
half by reduction of stocks. 

20 In Plan for Coal, London 1950, the National Coal Board set 
a target of 240 million tons a year by 1961-65. This figure was 
subsequently increased to 250 million tons, 
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REPORT OF THE MEETING 
at The Royal Institution, London 


Thursday, 15th December, 1955. 


In the Chair: Mr. G, Ronald Pryor, Chairman of Council. 


Dr. G. H. Daniel said that he regarded the 
presentation of this Paper as a very great honour 
and, to an obscure Civil Servant like himself, an 
entirely unmerited one. 

Having been brought out of his recess in the Minis- 
try to his present rather exposed position, he was 
sure his audience was not surprised that he tried to 
erect a little shelter for himself by saying two things. 
First of all, he disclaimed any powers of prophecy. 
He could not give a direct answer to the question that 
was put to him: namely, whether shortage in energy 
supplies would, in fact, act as a brake on industrial 
expansion. He could only comment on that question. 
Secondly, he had to make the usual reservation that 
any views he expressed were personal ones, and must 
not be taken as representing the views of the Ministry, 
still less, of course, the views of the fuel and power 
industries. ” 

Dr, Daniel then presented a summary of his Paper. 


The Chairman said it would be agreed that Dr. 
Daniel had shown a wonderful grasp of his subject. 
It augured very well for the discussion, and he hoped 
it would be brisk. 


Mr. K. J. Hume (Chief Education Officer, Dowty 
Group, and Chairman, Institution’s Papers Commit- 
tee), in opening the discussion, congratulated Dr. 
Daniel on an extremely interesting and very important 
Paper. The future prosperity of the nation depended 
to a very great extent on the work of engineers, and 
production engineers in particular. Everyone was well 
aware of that. It also depended on supplies of fuel 
and their cost. 

He had been interested to read some few years 
ago a paper by Dr. Parker, the Director of Fuel Re- 
search of the Department of Scientific and Industrial 
Research, on world energy resources. It had seemed to 
him ever since that too little attention had been paid 
by the world at large to some of the facts and opinions 
given there. 

In summarising his remarks in that paper Dr. 
Parker estimated that the world had coal supplies for 
some thousand to two thousand years but that it had 
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oil supplies for only some fifty to one hundred years. 
Dr. Daniel had said that the oil companies were going 
to find greater difficulty towards the end of this 
century. It did not matter very much whether the 
period was 50 or 100 or even 200 years, but it was 
pretty obvious that we were living on our capital 
both of coal and oil supplies, and even, as far as one 
knew at present, on our atomic energy supplies. 

It would seem, however, that fuel for power stations 
and large units, including — presumably — ships, and 
perhaps trains, had a reasonable future. There would 
be no great difficulties and one could perhaps expect 
scientific development to have taken place before 
there were serious difficulties on that score. Possibly 
the development of other atomic fuels would be forth- 
coming. One might even count on obtaining power 
from revenue and, after all, revenue energy came from 
the sun, either direct heat power, wind, tides, water 
power and so on. No doubt energy from these sources 
would be developed through the very force of neces- 
sity in the next fifty, one hundred or two hundred 
years; There might be also sources of terrestrial heat 
energy. 

One of the greatest problems, as it appeared to him, 
a mere layman in the field of power, seemed to be the 
difficulty which would be experienced with portable 
fuels. It did not seem feasible, in the present state 
of knowledge, to use atomic energy for driving motor 
cars and aircraft. Developments might, of course, 
render that opinion quite wrong in a number of 
years. But use was being made of portable fuel, of 
which oil was really the only significant element, at 
a quite prodigal rate. And, after all, something was 
owed to posterity. Oil was being burned up at this 
terrific rate, and what was being left for the future, 
even in one hundred or two hundred years’ time? 

Could Dr, Daniel say at this stage what steps were 
being taken at the moment, what ideas were being 
developed, and what was anticipated as the portable 
fuel of the future when oil supplies had been reduced 
to an uneconomic level? 


Dr. Daniel, in reply, said he would have to have 
notice to give a complete reply to these questions. 





But the problem of portable fuels was a real one and 
anybody who could invent an electric battery which 
was not only light in weight but would carry a great 
deal of energy, would stand an excellent chance of 
making a fortune. 


Sir John Cockcroft (Head of the Atomic Energy 
Research Establishment, Harwell) said that Dr. 
Daniel’s Paper had shown the important task with 
which the atomic energy industry would be faced in 
the future. He felt pretty confident that the industry 
would be able to carry out that task, though one 
could not be sure about this until one knew how well 
the first large-scale nuclear power station performed. 
This experience would be available next year. Never- 
theless, he was fairly optimistic about it. 

Dr. Daniel had pointed out that the capital costs 
of these first power stations were high. It was clear, 
however, that in the next generation the capital costs 
would be lower, certainly by 25 per cent. One could 
also see the way to improving the efficiency of the use 
of uranium fuel by two orders of magnitude over the 
next thirty years, the time-scale of Dr. Daniel’s Paper. 
From that point of view, therefore, the problem of 
supplies should be met without too much difficulty, 
and it would be possible to get by with the uranium 
that was likely to be available on the forecast made 
at Geneva. The supply of uranium would therefore 
be all right during the present century and for some 
time after that. 

As he had said in the discussion at Geneva, he felt 
quite sure that the scientists of future generations 
would have the ability to draw on other nuclear fuels 
if, in the long run, uranium ran out. 

The previous speaker asked what was going to be 
done about fuel for motor cars and so on when the 
oil ran out. The chemists said that the oils could al- 
ways be made from carbon dioxide and hydrogen if 
energy was available. It was only a question of how 
cheap the energy was, so there was no problem in the 
long run. 


Dr. Allen-Williams (Senior Research Engineer, 
Davey, Paxman & Co. Ltd.), said he was grateful for 
the opportunity to take part in the discussion. The 
masterly if somewhat gloomy sweep of Dr. Daniel’s 
survey was so great despite the limitations of the title, 
“ Britain’s Energy Prospects’, that at least one com- 
mentator found difficulty in doing more than pick 
out a few specific points tantalisingly touched upon 
by Dr. Daniel. Even so, his comments resolved them- 
selves into questions. 

First, Dr, Daniel had mentioned fuel cells on which 
he said there was much development work to be 
done. As he himself understood the fuel cell, it could 
be regarded as a sort of storage battery of not very 
high voltage and rather low specific power output 
per unit volume. Did Dr. Daniel think there was a 
big future for such units, bearing in mind the diff- 
culty of making bulky machinery for storing, recover- 
ing and transporting these low voltage sources of 
energy ? 

Secondly, it would be interesting to hear whether 
Dr. Daniel had considered the possibility of conserv- 


ing energy resources by the use of large-scale heat 
pumps to recover much of the vast quantities of low 
grade heat that were at present wasted? 

Finally, the suggestion that nuclear power be used 
as a source of heat for industrial plants with large 
process and space heating requirements should be 
explored further. Economics were at present against 
it and vast political, social and engineering difficulties 
would have to be overcome. But after all the pre- 
sent design of reactor produced low-grade heat par 
excellence, witness the turbine engineer’s struggle 
with steam at relatively low pressure and temperature 
at Calder Hall. 

It seemed a pity to struggle exclusively to obtain 
electrical power at overall low thermal cycle efficien- 
cies and not to develop the direct use of low-grade 
heat at higher efficiencies, as in these process and 
space-heating applications. 

Could Dr. Daniel give any figures of potential loads, 
size of unit envisaged and fuel savings to be gained? 


Dr. Daniel, in reply, said he should perhaps have 
added to his initial disclaimers that he was not an 
authority on either fuel cells or heat pumps. From 
his general knowledge, it would seem that the points 
raised were real ones and that it would be well worth 
while to try to develop the heat pump and also the 
use of nuclear power as a source of industrial heat. 
He agreed about the apparent limitation of existing 
fuel cells ; and thought one had to wait until further 
developments were made before basing many hopes 
on them. 


Mr. A. L. Stuchbery (Chief Technical Engineer, 
Metal Box Co. Ltd.) thanked Dr, Daniel for his 
Paper and for the lucid and interesting way in which 
he had put his material across. After reading the 
Paper, he had been rather pessimistically inclined, 
but he had recovered somewhat after hearing Sir 
John Cockcroft’s comments. The latter had said that 
as long as they could make the energy they could 
make the rest. 

Dr. Daniel had restricted himself to a review of the 
prospects of this country, but how did he visualise the 
situation, having regard to the fact that it was part of 
a world which, in the next thirty years, would have 
considerable difficulties ? 

According to the Paley report to President Truman 
in 1952, the consumption of basic resources in the 
United States in 1950 was about 50 per cent. of the 
world’s total; this quantity was consumed by less 
than 10 per cent. of the world’s population. Although 
this country had not the same percentage, the rate of 
consumption related to population was very high. It 
was also estimated that if the present world population 
were to achieve the 1950 American standard of living, 
a sixfold expansion of natural resources, fuel and so 
forth would be required. This was quite apart from 
the fact that the United Nations and the World 
Health Organisation expected the world population 
to double during the next thirty years. It would 
seem that this country had a very serious contribution 
to make in world affairs. It was not only a question 
of how to equate this country’s requirements to the 
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possible resources. It would be interesting to know 
how Dr. Daniel thought this country would be 
affected in the light of such an expansion of world 
need, particularly since it would need to import fuel 
in the way of oil and fissionable material for the 
expansion envisaged as the minimum needed for our 
own salvation. 


Dr. Daniel said it would seem that the problems 
with which this country was faced were repeated in 
most other countries of the world. One of the 
conclusions of the Geneva Conference was the need 
for the world as a whole to have a new source of 
energy. One could almost say in the light of the 
surveys made at Geneva of the world energy prospects 
that the new inventions in the field of nuclear energy 
were providential, It was hard to see how world 
population and world prosperity could otherwise 
continue to grow. 

Just as the emphasis throughout the world had 
largely shifted in the last fifty years to oil and natural 
gas, so one must expect the emphasis to shift again 
to nuclear fuels. That obviously provided this country 
with very great opportunities which it must seize. 


Mr. Warren (Visitor) said he was particularly 
interested in the top curve shown in Fig. 3, showing 
the cost of coal relative to prices in general. One of 
the questions the supply engineer would shortly have 
to face was the comparison between the cost of 
coal-fired plants and nuclear-energy plants. It would 
seem as though some weight should be given to the 
increase in the cost of coal to which Dr. Daniel had 
drawn attention in Fig. 3. 

One would have to capitalise the increase over the 
life of the plant, which would be a simple actuarial 
calculation, But the point of his question was this : 
did Dr. Daniel feel this | per cent. compound interest 
increase between 1850 and 1955 was likely to be the 
correct increase to take for the next twenty-five years ? 
He himself took twenty-five years because that was the 
assumed life of a generator at a new generating 
station. 

It would seem that the curve had been sloping up 
very much more steeply since 1925 than the average 
slope from away back to 1850. Had Dr. Daniel made 
any estimate for the increase which one should take 
for present-day use ? 

Dr. Daniel indicated that the ancient steam engines 
had now disappeared. Everyone must wish that that 
were so, but he himself came from Scotland, and 
every time he came down to London he was brought 
by one of those ancient monsters which devoured 
coal. The efficiency of the loco was between 5 and & 
per cent. and in the interests of coal economy the 
sooner the railways were electrified the better. 


Dr. Daniel said he had not made an estimate of 
the future real price of coal. It was very difficult to 
say what the increase in prices would be in the future. 
He would not like to go much further than to doubt 
the wisdom of assuming that something like the trend 
of increase observed in the past would not continue 
in future. 
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Mr. J. Foster Petree (Visitor) asked whether 
Dr, Daniel did not consider that, so far as this country 
was concerned, the question of future power problems 
was largely a matter of contemporary economics. He 
was not quite sure how often the question of the 
Severn Barrage had come up in his lifetime, but it 
must be three or four times. Every time it had been 
put back, but, like Julius Caesar with the crown, 
every putting by was “ gentler than other”. It would 
not surprise him to find some day that this scheme was 
going forward, purely because changing conditions 
had made it economically feasible. 

So far as the British Isles were concerned —- or 
Europe, for that matter — there were many things, 
such as tidal power (which had hardly been men- 
tioned) which at the moment were not feasible, and 
still less twenty or thirty years ago, but which, twenty, 
fifty, eighty or one hundred years from now, might be 
almost essential and looked at in a different light. 

It was in about 1920 that a report was issued on 
the water power resources of this country which said 
that the limit to practicable development had nearly 
been reached. Since then water power had been 
developed in the British Isles to an extent which, 
on that report, would not have seemed possible; and 
the development was continuing. 

Did Dr. Daniel not think that his successor in, say, 
another hundred years might present an entirely 
different Nuffield Paper on the same subject ? 
(Laughter.) 


Dr. Daniel said he was quite sure his successor 
would present a different Paper —and certainly a 
better one! He agreed that the economics of fuel and 
power had changed very quickly. This applied also 
to the consideration of tidal power. Whereas the 
economics of tidal power had been worked out largely 
in relation to the cost of power from a conventional 
power station, they now needed to be worked out 
again in relation to the cost of power from a nuclear 
power station. 


Mr. B. E. Stokes (Production Engineer, British 
Tabulating Machines, Ltd.) asked whether it was 
practicable to consider this country on its own when 
considering the fuel problem. Dr. Daniel had 
mentioned in passing that the rate of increase in 
national income was likely to be very much greater 
elsewhere; that there were many parts of the world 
where development would proceed at a much greater 
rate. Would that in its turn create a much bigger 
scramble than was foreseen at the moment for the 
available fuel resources ? Would it, in fact, upset the 
balance sheet Dr. Daniel had presented ? 

In the short term what were the possibilities for 
international co-operation ? For instance, there was 
the grid problem which cropped up from time to 
time — that in this country grids were run from north 
to south. If they were run from east to west with 
Europe there could be load sharing and this would 
cut down the problem of peak capacity. This short- 
term problem was receiving attention but were there 
any such activities which could help? 

Arising from the problem of economic growth, there 





appeared to be pretty good correlation on research. 
Did Dr. Daniel feel that there was enough of the 
right kind of research and development to solve the 
problems he had described ” 

Perhaps a more mundane point was that in his 
general calculations Dr. Daniel had not given con- 
sideration to the possible effect of the use of newer 
materials, most of which seemed to require a 
phenomenal amount of electricity to extract from 
other elements. He had in mind in particular 
titanium and zirconium. If such materials became 
commercial would they upset the general balance of 
power requirements ? 


Dr. Daniel said that many of the new metals, like 
titanium, did require colossal amounts of energy for 
their production, Although it was not mentioned in 
the Paper this was certainly a factor to be borne in 
mind when considering the future relations between 
increase in fuel and increase in industrial output. It 
was a counterbalancing factor against the redoubled 
efforts that were being made to promote fuel 
efficiency. 

A great deal of international co-operation was 
going on, including co-operative research work on the 
economic aspects of fuel and power. Most of his 
audience would know about the work of the European 
Coal and Steel Community, the Organisation for 
European Economic Co-operation, as well as the 
Economic Commission for Europe, to mention only 
three European bodies. 


Sir Walter Puckey (Past President of the 
Institution) said he would like to mention three points. 
The first followed upon one raised by Mr. 
Stuchbery -- the relationship between this country 
and other countries. There was a tremendous contrast 
between the various industrial efforts of the various 
countries of the world. On the one hand, there was 
the great industrial giant, America, with 50 per cent. 
of the world’s output and only 5 per cent. of the 
world’s population. On the other hand there were 
the teeming millions of that large area called South 
East Asia, with 50 per cent. of the world’s population 
and only 5 per cent. of the world’s output. 

A great deal of the prosperity of Britain would be 
directed towards redressing that balance, both by 
Britain’s production inside and by her ability to help 
these less developed parts of the world. 

It was very interesting how much they could con- 
tribute by the new forms of invention, by the new 
equipment, to redress the balance, because he thought 
a great deal of Britain’s prosperity must, in future, 
be directed towards these less well developed 
countries. 

As he understood, the availability and utilisation of 
nuclear power offered great possibilities for these 
countries. He wondered whether this was so. 

First of all, there was the point that they might 
not be in a position, owing to their lack of skill and 
their inability to utilise nuclear power, to exploit it 
fully. Therefore, it would be necessary to contribute 
more than the usual amount of technical assistance in 
one form or another to enable them to use it. 


On the other hand, it seemed essential, and Dr. 
Daniel had confirmed this, that there should be ample 
energy as a basis for ample prosperity. Therefore, 
the undeveloped parts of the world would have to be 
provided with power. The most important kind of 
power, it seemed to him, that could be provided in 
the future was nuclear power. This raised the 
question of the possibility of nuclear power being 
provided, bearing in mind the problem of water 
supply, the problem of technical skill, and the problem 
of the utilisation of an entirely new form of power. 

The second question concerned the ratio of .6 or .7 
of fuel consumption in relation to national income. 
Dr. Daniel very rightly did not pin himself down to 
one particular figure but wandered between the two. 
In other words, energy would not be used up at the 
rate of the increase in national consumption, and the 
reasons given for the ratio being somewhat lower and, 
therefore, helpful to the fuel problem of the future 
must be admitted. There was, however, one point 
with which he did not entirely agree and on which 
he would be glad of Dr. Daniel’s views. He (Dr. 
Daniel) said that mechanisation was continuing and 
undoubtedly the rate of mechanisation would continue 
to rise. But he seemed to feel that perhaps control 
power, which might be called automation — the 
special new element — might in itself only require a 
very small increase in power for controlling the heavy 
increase in mechanisation. He mentioned human 
control power and said it was less than one per cent. 
of the total energy consumption. 

He would like to draw Dr. Daniel's attention to 
one point. One of the great possibilities for the future 
would seem to be to extend mechanisation not only 
to the eight or nine million people classified as factory 
workers, mine workers, industrial people, but to the 
remaining seventeen million people in this country 
who made up the total employed, whom mechanisa- 
tion had really not yet reached. He wondered whether 
or not the total power required would be increased by 
much more than Dr. Daniel had envisaged. 

The third point was in the nature of a plea. Some- 
thing had been heard about the problem of reliance 
upon coal, Perhaps several others present, like himself, 
had been at the recent Conference in Harrogate of 
the British Institute of Management when Sir Harold 
Hartley gave a Paper in which he made a plea to all 
those present to tell people and keep telling them that 
the coal industry of this country was still a vital 
industry. Dr. Daniel had said that in twenty-five 
years’ time this country would be relying upon more 
coal from British mines than was being obtained 
today. One of the contributions they could make 
as individuals, therefore, as ordinary human beings. 
was to tell people this when they suggested that coal 
mining was a finished industry. He wondered what 
they would feel if they were miners and were 
continually told they were on the way out — and 
quickly ! 

Both Sir Harold Hartley and Dr. Daniel had said 
that for twenty-five to thirty years this country must 
rely more upon the miners, and Sir Harold had made 
a plea for some of the better young men to go into 
coal mining, not with the realisation that it was on 
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the way out but as having a great future ahead — one 
on which Britain’s prosperity depended just as much 
in the next twenty-five years as it had been 
maintained over the last hundred years. 


Dr. Daniel said he was glad Sir Walter Puckey 
had emphasised the continuing importance of the coal 
industry because this was indeed a most basic con- 
sideration. Its importance was underlined by his 
estimate that in thirty years’ time the country might 
need a higher coal production than at the moment 
and also because the two other principal sources of 
energy were relatively insecure or untried. 

He did not know what were the possibilities of 
extending the use of electronics to everyday living by 
the majority of the working population. He could see 
that there might be scope of this kind, but whether 
there would be a big quantitative effect on fuel 
consumption he would not like to say without further 
thought. 

The possibility of the widespread use of nuclear 
power in undeveloped areas was considered at some 
length at Geneva, and some interesting Papers were 
presented. The conclusion to which he had come 
in his own mind was that a distinction would have to 
be drawn between two kinds of undeveloped areas. 
There was the area with a peasant economy without 
any concentration of power demand, and where large- 
scale investment in nuclear power might not be very 
attractive. There was also the area with mineral 
resources, the development of which would create 
a concentrated power requirement which would 
justify the establishment of a large power station. 


Mr. J. A. Sargrove (Director, Automation 
Consultants and Associates, Ltd.) pointed out, with 
regard to the advisability of concerning ourselves with 
increasing fuel conversion efficiency, that some fuel, 
in the form of soot, was still thrown out of power 
station chimneys, but out of industrial chimneys it 
was thrown at a tremendous rate. In other words, 
the carbon was not converted adequately into carbon 
dioxide; this was a criminal waste, as well as a 
pollution of the atmosphere. 

The inclusion of electronic controls, even in an 
efficient modern factory power house, had improved 
fuel savings by 3 per cent. This was said to have 
paid for the electronic device within one year. In the 
case of more inefficient factory power houses, the 
saving might be as much as 10 per cent. This 
method, if carried out all over the country, could 
contribute a tremendous saving in coal—a most 
important saving. 

It would seem that the application of electronic 
control devices to hoppers, stokers, hydraulic and 
pneumatic fuel feed systems and so on would con- 
tribute greatly to the saving of coal. The application 
of “automation” to the efficient control of fuel 
combustion might well contribute more to prosperity 
than the use of automation in the lighter industries, 
such as in the making of toothpaste and so on. There 
appeared to be no reference to this by Dr. Daniel, and 
this thought was contributed with all humility, in the 
hope that our precious capital, coal, which took so 
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much toil to extract from the ground, would not be 
wastefully used in the future. 


Colonel B. H. Leeson, (Director, The 
B.E.A.M.A.), said that the subjects under discussion 
depended so much on what was envisaged by 
“doubling the standard of living”. For instance, 
did it imply doubling the housekeeping allowance by 
working harder, or spending twice as many after- 
noons at sporting events ? Again, did it imply 
doubling consumption, saving twice as much, or 
doubling contentment ? 


Better living would obviously depend upon a blend 
of such imponderables and would inevitably demand 
greater supplies of commodities, fuel, and food. 
Unfortunately, supplies of non-replenishable resources, 
such as coal and metal, were rapidly diminishing. 
To maintain present standards, let alone double 
them, would necessitate greater supplies of replenish- 
able materials from which to produce synthetic sub- 
stitutes and of heat and power for the processes 
involved. The early prospect of power from nuclear 
energy was indeed a blessing to mankind. 


The trends already mentioned, coupled with auto- 
mation, also meant that increasingly greater capital 
investment per head of the population would be 
needed. Paradoxically, however, the trend at present 
was one of inflation and capital expenditure was 
being restricted, thus retarding progress in material 
standards of living. 


How could these trends be reversed and adequate 
finance be found for vital capital projects like those 
envisaged in the Paper. There was no simple solution 
of the fundamental problems brought to light by the 
author’s excellent Paper. The problems needed much 
wider study and deeper understanding by everyone 
as a preliminary to re-orientating human desires and 
efforts towards things that really mattered. Thus, 
greater efforts should be directed towards conserving 
natural resources; producing more synthetic materials; 
increasing savings to provide adequate capital for 
progress; working more effectively for every pound 
of remuneration in order to combat inflation; and 
similar essentials on which better living must depend. 


Mr. Malling (Visitor) suggested that Dr. Daniel’s 
figure of .7 or .6 increase in fuel consumption with 
the increased standard of living was perhaps a little 
optimistic. He had mentioned, for instance, the rapid 
change of very inefficient plants in the last century 
for modern electric drives and so on, He himself was 
inclined to think the end of that process had by no 
means been reached. There were still, in this country. 
a number of very inefficient steam-raising plants. 
There was cracked brickwork, the absence of lagging. 
waste condensers and so on. On the other side, there 
was the fact that the conversion of mechanical drives 
to electricity would give scope for further develop- 
ment. In the process one needed not just the 
eradication of waste and conversion from one process 
to another but a rapid improvement in the efficiency 
of generation and the utilisation of electricity. For 








ee 








THE 1955 SCHOFIELD TRAVEL SCHOLARSHIPS 


The Papers which appear on the following pages, dealing with 
(1) the manufacture of turbine blading, and (2) methods of aircraft 


production, were the winning entries for the 1955 Schofield Travel 


Scholarships. 


‘Details of the 1956 Schofield Travel Scholarships were announced in 


the September, 1955, issue of the Journal. 








The 1955 Viscount Nufheld Paper Discussion 


-concluded from facing page. 


instance, in the modern power stations now 
being built, the additional units, which might be 
quite large, would probably provide scope for 
electro-chemical industries which would _ bring 
new materials into use. These might take a 
great deal less fuel than was suggested by the 
ratio. Then, too, the advent of new processes and 
new materials might mean the substitution of one 
electrical method for a more modern one, or an older 
electrical method by a newer one, with a great deal 
of saving of power in the process. A large amount of 
electricity was used at present in heating filaments of 
thermionic valves, but with the new transistors of 
silicon and germanium practically no electricity was 
used. 

There were many other prospects. It might be that 
the elimination of manual processes not so much in 
industry as in normal life in the home would release 
more men and women for industry. One might then 
by a relatively small amount of fuel achieve a big 
increase in output and hence in the standard of 
living. 


Dr. Daniel said he entirely agreed with the last 
speaker’s main point. He hoped nothing he had said 
indicated that he did not attach the greatest 
importance to pressing ahead with all kinds of fuel 
saving — not only those mentioned but a whole lot of 
others. 


The Chairman, in inviting Mr. H. G. Gregory, 
Vice-Chairman of Council, to propose a vote of 
thanks to Dr. Daniel, said he was very glad that there 
had been such a strong contingent of visitors. He 
thanked them for their contributions to the success 
of the discussion. 


Mr. H. G. Gregory said that his task was an easy 
one. Dr. Daniel had given a very excellent Paper, 
one that would rank high in the Lord Nufheld 
Lectures of the Institution. He was glad Dr. Daniel 
had not elaborated on the water energy problem. 
Anyone who happened to spend a holiday in the 
Highlands this year would have seen the salmon 
swimming round river estuaries with insufficient water 
to enable the salmon to go up stream to spawn. 
Perhaps solar energy would combat the losses of a 
very dry summer. He believed it was true to say that 
at one place, Kinlochleven, production had been 
curtailed because of the lack of water, He was very 
glad that Dr. Daniel had referred in his Paper to a 
saving of only one million tons of coal a year from 
hydroelectric schemes in the Highlands and possibly 
a further million tons in a few years. From what had 
been said about nuclear power and other forms of 
power, this was mere chicken feed by comparison. 

He had great pleasure in moving a hearty vote of 
thanks to Dr. Daniel for his excellent Paper. 

The vote of thanks was carried by acclamation. 
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‘T may be said with obvious truth that, of all the 
| component parts of a steam turbine, blading makes 
the greatest contribution towards the efficiency of the 
machine. Turbine blades, whether of the impulse o1 
reaction type, guide and control the power element ot 
the steam flow through the cylinder. 

Their functions may be classified thus :- 

(a) the kinetic energy in the exit velocity at one 
stage must be efficiently redirected through a 
certain angle ; 

(b) simultaneously, efficient expansion must be 
obtained through each stage to effect an in- 
crease in the kinetic energy of the working 
fluid. 

Although the principles of the steam turbine have 
been known for centuries, it was only in the late 19th 
century that a machine was developed for com- 
mercial use. As is usual in original work, great strides 
in design were made in the succeeding 20 or 30 years. 
This particularly applied to blade manufacture and 
design. 

The research and engineering aspects of the 
thermodynamic and fluid flow problems are of the 
utmost importance to blading design, and extensive 
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research has been made into the determination of 
more efficient forms of steam passage. As a result 
of the exceptional progress made in the aeronautical 
field in the reduction of friction losses, greater atten- 
tion is being paid to the problems of lift and drag 
of airtoil sections. 

In the early days of steam turbines, no untoward 
difficulties were experienced in the finding of suitable 
materials for blades. Steam conditions were appreci- 
ably lower than those of today. However, there was 
one problem existing then which remains to this day: 
that of preventing erosion due to water particles in the 
steam in the last expansion stage. 

Although it may be argued that material used in 
the manufacture of steam turbine blades has not 
caused excessive manufacturing problems in the past, 
present developments in the use of titanium for 
highly stressed blades suggest some obstacles to be 
overcome. 

At the present time, world competition in this 
specialised field of engineering is increasing rapidly. 
The aftermath of the War brought a stream of orders 
for the home market to accommodate the expansion 
of power plant in the United Kingdom. With the 
tailing-off of these, and more especially export orders, 











comes the increasing need to produce plant more 
cheaply with shorter delivery dates. It is true to say 
that by obtaining the latter we obtain the former. 
although the relationship may not be direct. 

Manufacturers, realising that the need for higher 
productivity has expanded considerably since the 
War, are investing to a much greater extent in 
capital equipment. No longer will the fact that 
British goods, to a large extent in the past dependent 
on craftsmanship and incurring proportionally high 
labour costs, are best, be considered economical by 
foreign customers. 

So it is with turbine blades, that, while design 
requirements still take higher precedence here than in 
the U.S.A., a compromise with economical production 
is made. 


DEVELOPMENT 
Material 


Initially, few difficulties were experienced in the 
selection of a suitable material, and the corrosion 
resisting properties, as mentioned previously, were the 
deciding factors of choice, brass being selected as a 
suitable alloy. 

The alloy selected (70Cu30Zn)' had good 
machinability qualities and was suitable for rolling 
and drawing. Its physical properties were also 
adequate to meet the existing stresses of that time. 

Later, with working temperatures approaching 
600°F., it was found that the tensile strength of the 
material rapidly decreased at higher temperatures. 
This led to the introduction of manganese copper and 
phosphor bronze for high pressure blading. 

The end of the First World War saw the first real 
change in blading material. To obtain higher 
efficiency, an increase in working temperature was 
required; also an increase in machine capacity and, 
therefore, size increased considerably the working 
stresses. Thus it was that steel was introduced, quite 
satisfactorily at first, but later its corrosion property 
proved a decided deterrent. At the same time, copper 
nickel alloys were tried, one of them — monel — 
being used to this day for some marine turbine 
blading. However, due to its high cost, the use of 
monel had a limited application. 

The research and development of corrosion resisting 
steels resulted in the group of steels known as stainless 
steel, having quite a wide range of properties. Of 
this group, the chromium alloy, stainless iron 
(0.1C14Cr) is undoubtedly the most used, particularly 
where hot work is done on the material during 
manufacture. It does not become brittle on air 
hardening. For blades which are machined from the 
solid with no heat treatment involved, a higher carbon 
alloy may be used which is cheaper. 

From a production point of view, stainless iron 
presented very few difficulties. It may be forged, 
pressed, rolled and machined, although due to its 
high ductility it is not quite so machinable as carbon 
mild steel. As it can also be welded and brazed, all 
possible demands are met. 

Stainless iron is not immune from chlorides which 
may be introduced into the steam from the boiler, To 


overcome this austenitic steels were developed. These 
comprise a nickel steel alloy with the addition of 
small percentages of titanium or silicon. 

Owing to their work-hardening properties, these 
steels are only preferable when complete immunity of 
chloride attack is required. 

Finally, the latest development in steam turbine 
blade material is the use of titanium. This is an 
extremely expensive material, and at the present is 
produced in relatively small quantities. Its main 
advantage is its low weight to strength ratio, but the 
care that must be taken, during hot working 
operations, to avoid oxidation with subsequent 
“ shortening *, makes the cost of the blade extremely 
high. Also, great difficulty in brazing has been 
experienced which influences the attachment of 
erosion shields and lacing wire to the last row of rotor 
blades. 


Design 


The design of a blade may be analysed in the 
following manner :- 


(a) Blade Section 


As previously mentioned, the inlet and exit angles 
and the approach to a suitable airfoil section is of vital 
importance to the efficiency of the machine. This data 
can only be accurately determined by experiment 
based on calculations and known theory, The 
importance of accuracy and good finish in production 
is obvious and, except to assist standardisation design, 
is not influenced to any great extent by production. 


(b) Root Section and Shrouding 


In the final design of these sections of a blade, 
more compromise is possible to aid production. 
Naturally, the design of blade section influences the 
size of the root section and also the strengthening 
requirements, which are met by either single or 
double rows of lacing wire. 

One of the neatest developments’ arising from 
demands for larger capacity machines was the manu- 
facture of the hollow blade by rolling. As the area 
through the exhaust blading was increased to handle 
greater steam flow, so the length and weight of the 
blades increased. To decrease the weight, and 
consequently the stresses due to centrifugal force, the 
blade was tapered from root to tip. Due to the 
limitation of this taper, the hollow blade was 
introduced. This had advantages over the taper blade 
in that it maintained its profile with only a very 
slight reduction in rigidity, due to the removal of the 
core. 

The method of rolling hollow blades will be covered 
later in this Paper. 

Greatly improved efficiency is claimed by the use of 
vortex blading as compared with straight blading’. 
The object of twisting blades to this form may be 
briefly described as the attainment of radial stability 
between the centrifugal force field and the radial 
pressure gradient in the steam flow. The attainment 
of this profile is an added manufacturing problem. 

One other development occurs in the manufacture 
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of last row L.P, blades for turbines of 100 M.W. 
capacity and above, the blades being 22” to 26” in 
length. The problem is that due to the heavy stresses 
in the blade, it is no longer permissible to drill holes 
for the location of lacing wires, and therefore some 
method of reinforcement must be found. One 
suggestion is to produce blades with integral or 
welded stubs, these entirely replacing the lacing wire. 
Either of these methods presents considerable 
difficulties in manufacture. 

To overcome the severe erosion effects on the last 
row of rotor blades, manufacturers have found the 
most economical preventative to be the attachment 
of shields to the leading edges of the blades. 

The main function of this shield is to prevent 
erosion rather than corrosion. A wasting-away occurs 
due to the bombardment of water particles travelling 
at a velocity slightly lower than that of the peripheral 
blade speed, which can be of the order of 1,000ft. /sec. 
and above for 3,000 r.p.m. turbines. Hardness is the 
essential property for resisting erosion and tungsten 
steel fulfills the requirement, The shield is fitted 
and brazed to the blade; no untoward restrictions are 
imposed on the shape of the shield as far as blending 
to the original blade profile is concerned, because the 
shape of the blade inlet has little effect on efficiency. 

Complementary to the above attachment, every 
effort is made to drain away as much water as 
possible at this particular stage. The decrease 
achieved is, however, quite small and the fitted shield 
remains the main guard against erosion. 


Manufacturing Techniques 


There are a number of processes in use today for 
the production of blading, most of them overlapping 
one another in their practical if not economical 
application, 

Parts to be considered for processing may be con- 
sidered thus :- 

1. Blade section 

2. Root section 

Blade spacer 

3. Shrouding 

4. Blade segment 

In the case of the larger integral root blades, the 
last operation is unnecessary as the blades are fitted 
individually either axially or radially. 


Machining 


This technique is probably the most universally 
applied, not only for the creating of the attachment 
profile, which mates to the spindle or cylinder or 
locates the shroud, but also for forming the blade 
section. 

The blade may be machined from solid rectangular 
section bar to final form, the profile being finally 
polished. This method is only preferred when the 
blade is coined or twisted and it is not practicable 
to drop forge or press. Some form of copy mill would 
be used like the multi-spindle Hydrotel, which is also 
successfully employed for die sinking. 

A machine known as the Swiss Rigid mill has been 
recently developed for profile milling. It is believed 
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Fig. 1. Reaction blading construction for high pressure 


turbines. 


that its rate of production is very high and would 
appear to be ideal for the milling of blades of 
changing section. One big advantage of this machine 
is the use of a conventional milling cutter, as com- 
pared with the ball end cutter used in the Hydrotel. 

Impulse blades where the root spacer is integral 
with the blade are also machined from solid bar, but 
the process is not so wasteful as far as material is 
concerned, or so slow as the previously mentioned 
operation. In this case, the bar is rolled to the 
concave form of the blade. The convex side is then 
formed by milling, using a fixture, which turns the 
blade through the required angle. This angle is 
usually so steep that the conventional copy milling is 
not practised. Although copy milling may be, and is, 
used for both roughing and finishing blades from the 
solid, it is preferable to keep the roughing operation 
on ordinary milling machines either of the dial type 
or plain hydromatics. In this way, machine and 
cutter life is preserved on the finishing with resultant 
consistency of accuracy and finish. Turning fixtures 
can be made for roughing the convex form of a 
blade, but this method is usually only considered 
when milling machines are overloaded, as the setting 
time increases the job cost considerably. 

Methods of securing blades vary quite considerably 
from firm to firm. A sketch of typical blade fixing at 
my Company is shown in Fig. 1, 











Fig. 2. Serrating machine. 
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Fig. 4. Broaching a turbine dise for side entry blades. 








Fig. 3. Axially fitted blades. 





Fig. 5. Impulse blade with 
Fig. 6. Reaction blade and root section. ** dumb-bell ” keyway. 
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It has been found in the case of the serrated roots, 
that milling is again preferable to turning. Special 
purpose horizontal milling machines have been 
developed by my Company to mill these serrations. 
The radial movement is provided in the table to 
which the blade or segment of blading is accurately 
fixed (Fig. 2). How accurate the setting is largely 
determines the amount of “tipping” to be done on 
the final shaft or cylinder assembly for clearances and 
also lining up radially. This method of fastening is 
employed on all H.P. and I.P. blading, but certain 
large L.P. spindle blades, probably the last two rows, 
are fitted axially instead of radially (Fig. 3). 

The root of this type of blade is in the form of a 
heavy tapered serration, commonly known as a fir tree 
root, which is initially milled and finally broached. 
A similar method is employed to produce the female 
form in the turbine dise (Fig. 4). 


One other type of blade fastening is the type used 
for the impulse blades of some marine turbines 
(Daring Class Destroyers). This root was formed in 
the shape of a half dumb-bell, the blades being 
secured individually to the male form of the disc. An 
illustration is shown in Fig. 5. 


Rolling 


Rolling undoubtedly possesses a number of 
advantages in manufacture and quality over other 
methods. From a quality point of view, the effect 
of any inclusions in the billet before rolling is 
practically nullified after rolling, due to the extreme 
reduction in cross sectional area. Also maximum 
strength is obtained by virtue of the flow lines being 
coincident with the planes of principal stress due to 
centrifugal force. 








Strip Rolling 

The technique of rolling plain blade strip differs 
quite definitely from the rolling of integral root 
blades. Considering the former, reaction blading strip 
is rolled from rectangular stainless iron of calculated 


dimension. The bar is hot rolled in a number of 
passes, annealed, then descaled in a sodium hydride 
plant. A number of cold rolling operations take 
place, using highly polished rolls, to give a high 
quality finished blade. Electric furnaces with auto- 
matic temperature control are preferred for the 
intermediate heating operations, thus ensuring a 
reasonably clean atmosphere. 

Another product of strip rolling are the root spacers, 
which are set up in fixture with blade strips and dip 
brazed to form a segment. These spacers are rolled 
to a form which mates on one side to convex profile 
of one blade and on the other to the concave profile 
of the adjacent blade (Fig. 6). 


Integral Blade Rolling 


The success of this operation depends on the 
forming of a billet of carefully calculated dimensions 
and for that reason some explanation of this billet 
forming operation is necessary. 

A typical integral root billet is shown in Fig. 7. 

It will be noted that the blend of root to stem is 
of definite form and of no haphazard origin. 
Conversely a similar blending must obtain from the 
gap to the form in the rolls. Correct maintenance 
of these forms ensures even pressure on the start of 


the first roll and that no strain be imposed at the root 
of the blade. 


Small and medium size billets of the type used in 
the I.P. and most of the L.P. unit may be forged in 


Fig. 7. Integral root blades (process sequence). 














dies in a horizontal forging machine or in a universal 
forging machine, which gives a combination of 
vertical and horizontal working. In both cases, the 
head of the billet, which eventually becomes the 
blade root, is upset from rectangular section bar, the 
dimensions of which have been calculated to 
accommodate the final blade form. 

One problem connected with this type of forging is 
the limitation of upset relative to the stock bar. As 
the root thicknesses vary with diameter and pitch for 
the same blade section, larger stock bar than necessary 
must sometimes be used. This may result in excess 
flash during rolling, which is troublesome in a 
continuous process. 

The profile rolls employed for this process are cut 
away at one section to take the root of the billet 
(Fig. 8). A succession of passes are then made until 
the stem is brought down to final size (Fig. 7). 
Intermediate grinding operations to remove flash prior 
to successive rolls are sometimes necessary, involving 
reheating the billet and consequently a slowing down 
of the process. This is particularly true for a tapered 
blade, where the flash tapers away from the tip to the 
root of the blade. After nearly each roll a grinding 
operation is necessary to re-enter the billet and finally 
the entire flash is removed by a milling machine. 

The rolling of hollow blades, mentioned previously, 
is essentially the same in technique as rolling solid 
blades. A rectangular billet of stainless steel is turned 
and bored in a lathe. It is then tightly cored with 
mild steel and the billet is virtually solid. The 
deformation which takes place during the rolling is 
practically uniform throughout the section, so that an 
even wall thickness of stainless steel is maintained. 
Acid treatment of the finished blade dissolves the mild 
steel core without affecting the stainless steel (Fig. 9). 

Integral blades produced by rolling need no further 
machining on their profile. A pickling operation, to 
remove scale and clean the blade, followed by 
polishing completes the sequence. The roots will then 


Fig. 9. Bladed L.P. cylinder (hollow 
blades in last row. 





Fig. 8. Profile milling of blade rolls. 


be milled and serrated; holes for lacing wires will be 
drilled before final assembly in the spindle. 

Strip blading is not annealed after final rolling. 
This is compensated for in the dip brazing operation 
(furnace temperature 1,000 - 1,050°C.), which takes 
place after the blades and root spacers are built up 
into segments. 


Drop Forging 


This technique is particularly useful for producing 
blades having unsymmetrical projections, which would 
be impossible to roll. The reference here is to the 
large L.P. blades having integral stubs to limit vibra- 
tion, instead of the customary lacing wire. 

One other advantage is obtained over pressing 
when, due to the speed of the operation, it is possible 
to close forming dies before resistance due to cooling 
is set up. This resistance, as later mentioned, is 
concentrated at the trailing edge where the section 
is considerably reduced. 
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Fig. 10. Positioning of blades with root spacers in a 


welding fixture. 


Pressing 


Presswork, as applied to blade production, is rather 
limited to performing operations. Due to the 
extremely small section at the trailing edge on reaction 
blading, it is very difficult to final press the blade to 
the required section. At this section the metal cools 
rapidly as the dies slowly close thus giving high 
resistance to the final closing of the dies. 

It is, however, used for the forming of billets of the 
integra’ root type. 

An intermediate blanking and heating operation is 
necessary. This method of blade production over- 





Fig. 11. Servo-hydromatic, 
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comes the disadvantage of the horizontal forging 
machine in that the relationship between root and 
stem is not limited, thus, providing the die is accurate, 
no excess flash is obtained upon subsequent rolling. 

One other extremely useful function of the press is 
the coining or twisting of a finished blade, The blade 
is rolled in the manner mentioned in the previous 
section, then placed in dies and pressed. This is 
followed by the usual polishing operation. 

It is the writer’s opinion that if rolling operations 
are to be speeded up, the preformed billet must be 
nearer the ideal size than it is at present. This could 
change the function of the rolls towards a forming 
operation, with subsequent reduction in the number 
of passes required. For these reasons, therefore, the 
press may be expected to play a more important part 
in blade production. 


Electrical Upsetting 

Electrical resistance forging machines have been 
used for some years for the production of gas turbine 
billets, both in this country and America, and can also 
be used for steam turbine blading, although not quite 
to the same extent. These machines heat the stock 
extremely rapidly, rates of 500 pieces per hour being 
obtained dependent upon the amount of stock to be 
gathered. 

As the process of upsetting is gradual, the quality 
of billet formed will undoubtedly be superior to one 
formed by the severe blow necessary in forging. There 
is no limit to the amount of stock that may be 
gathered from a _ certain section, this greatly 
simplifying the problem of producing identical blade 
sections with differing roots. It has in fact been found 
that considerable stock may be gathered from rolled 
blade section. This, if fully developed, could con- 
siderably decrease manufacturing costs, although it 
is thought that trouble may be experienced at the 
trailing edge, due to the temperature gradient across 
the blade section and the weakness at the edge when 
upsetting takes place. 

The application of this machine must, therefore, 
be confined to the upsetting of bar prior to pressing. 
Either round or rectangular bar may be used, pro- 
viding that good electrical contact is made. For round 
section bar, a centreless grinder is often used, whereas 
for rectangular section bar of reasonable quality, 
pickling is found to be adequate. If only one pressing 
operation is required, the formed billet may be 
transferred immediately from the upsetting machine 
and pressed in the same heat. Even if this is 
impracticable, the saving in furnace costs for the 
forging is considerable. 

Owing to the fact that close volumetric control is 
possible with a machine of this nature* and the 
absence of scale on the upset billet (effected by rapid 
heating), the work of the press is decreased with 
consequent increase in die life. It can thus be seen 
that this method of stock gathering, used in con- 
junction with a press, has many advantages over the 
conventional forging of billets and may well be 
adopted in the future, 


Fig. 12. Six-spindle Hydrotel. 


Casting and Brazing 


Casting has been found to be a useful method for 
securing blades in a segment’. An American firm 
(Alliss-Chalmers) manufacture some steam turbine 
blades in strip form. The strip is cut to blade length 
and set in a casting fixture, which locates the blades 
at the correct pitch and angle. A foundation of Ever- 
brite or cast iron is then poured into the mould and 
a segment root is produced which requires the mini- 
mum amount of machining. 

The alternative method of segment forming is a 
longer one involving more machining and hand work. 
The blades are positioned with root spacers in a weld- 
ing fixture (Fig. 10). Attachment may be by plain 
welding or by preliminary welding followed by dip 
brazing. Dip brazing is a specialised technique which 
requires great care in the preparatory stages to ensure 
cleanliness of the mating faces. The furnace contains 
brass and borax, the latter lying on the surface about 
2” deep. After the segment has been prepared, it is 
dipped in the borax, where it remains for a few 
minutes before dropping a further 2” into the brass. 
A lever system with a controlling cam, motor 
operated, is used to ensure uniformity of brazing. 

A casting technique known as the lost wax or 
investment process has been used for some time in 
the production of turbine blades. It is a process which 
is being constantly developed and will, together with 
the similar shell moulding technique be used to 
an even greater extent in the future. 

Priefly, the process consists of the following stages. 

The wax pattern is accurately pressure cast in metal 
moulds, then treated with a coat of ethyl-silicate and 





other refractory materials to produce a surrounding 


shell of substantial thickness". A drying operation 
follows each coat of material, six coats being the usual 
number required. The wax is removed in a solvent 
vapour bath of trichlorethylene, the resulting solu- 
tion being easily convertible to reclaim the wax and 
solvent. 

High claims are made for the accuracy of the 
finished article, some being in the region of + -N02”. 
The distortion of blades manufactured by this pro- 
cess must if possible be counteracted during the pro- 
cess by controlled cooling, although certain distortions 
may be corrected in a press. 


Production Control and Shop Layout 


Due to the fluctuating demands for various types 
of blading, an automatic control system, as applied in 
many mass production concerns, is not practicable. 
Also, it must be stressed that, with the exception of 
repeat orders for one station, blading is special for 
each machine. At one time the responsibility for 
planning and progress was given entirely to the shop 
foreman. It is usual now for a planning engineer and 
staff to foresee demand to a certain extent and group 
orders accordingly. 

Present steel deliveries make it necessary for job 
specifications to be one to two years in advance of 
requirements. With this information, material order- 
ing may take place quarterly with minimum over- 
burdening of stores. These stores may be divided to 
control raw material, semi-finished stock material and 
allocated material. 

It is possible to manufacture blade strip, root 
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spacers, locking strip, shrouding and other rolled items 
in quantities to cover a number of machines. At a 
suitable time certain batches may be transferred and 
allocated to a machine order number, after which 
they go through the various machining and fitting 
operations. A progress book of cards may accom- 
pany the batch, each card representing an operation. 
These cards are returned to the Planning Office on 
completion of each operation. 

The importance of ratefixing as a control cannot be 
overstressed. Efficient rating and pricing ensures a 
measurable flow through a production shop in a simi- 
lar way to that of a moving belt in a car factory. On 
an individual piece work system, however, the rate- 
fixer has no control of the transfer time from machines. 

This of course is a function of shop layout and 
organisation. 


Fig. 13. Milling master for Hydrotel. 


Figs. 14 and 15 show views of the machine section 
and rolling section respectively. 
A typical shop would consist of the following :- 
(a) Machine Section 
(b) Rolling Section 
(c) Forging and Pressing Section 
(d) Brazing and Welding Section 
(e) Fitting Section 
The Machine Section will be comprised principally 
of milling machines of various actions and capacities. 
Many of these machines will be standard horizontal or 
vertical millers, which will cover most of the rough 
work and within the limits of a necessary flexibility 
will do similar operations constantly. 


it 
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Fig. 14. Machine section. 








Fig. 15. Rolling section. 


Other machines will be built for a special purpose. 
An example of this is the serrating machine, which 
produces the root serrations in a blade segment or 
section. The fixture in which the segment is clamped 
moves in an arc or radius equal to that of the turbine 
spindle, to which the blade is to be fitted. A solid 
H.S.S. cutter on a horizontal spindle, suitably relieved, 
mills the serrations. 

At my Company a number of hydraulic milling 
machines are used. Some are used for ordinary plane 
milling, whilst others are used for profiling work. 
These latter machines have a servo hydraulic copy- 
ing attachment which is operated by a cam machined 
to the required profile. 

There are various machines in use for the copy 
milling of twisted blades. One of these is the multi- 
spindle Hydrotel (Fig. 12), using H.S.S. ball-end 
cutters to increment mill from a master profile (Fig. 
13). This is a comparatively slow process and is only 
to be preferred when the concave form of the blade 
makes it impossible to use a conventional cutter. 
Machines are available now to compound increment 
mill twisted blades,with a form cutter, having vertical 
motion, and a table arrangement to turn the blade in 
accordance with master profiles. 





The rolling section shown in Fig. 15 has the rolling 
mills and furnaces the full length of the bay, with 
maximum handling space and access to the main 
gangway. On the opposite side, various draw benches 
are situated to take rolled strip for final shaving 
through a die and for straightening purposes. Grind- 
ing and polishing machines are also included in this 
section, due to the continual flash removal during 
rolling and also for the finishing of machined profiles. 

The forging and pressing section is located at a 
lower level than the machining section, thus decreas- 
ing vibration effects. This is particularly important 
if any drop forging is envisaged. In this same section, 
but in line with the rolling mills, are the main anneal- 
ing and normalising furnaces. 

As a result of the two floor levels, it has been 
possible to make considerable storage space under the 
higher floor with easy access to the lower. 

In conclusion, with the introduction of faster 
machining operations and processes, the percentage of 
handling time has increased. This means ultimately 
that the instalment of better machinery will be harder 
to justify economically unless more attention is given 
to detailed routing, shop layout and material 
handling. 


BIBLIOGRAPHY 
1. F. W. GARDNER, Heaton Works Journal 1938. 


2. F. DOLLIN, “ Factors 


Influencing the Continuing 


Development of the Steam Turbine”. 
Journal I.Mech.E., Nov. 1954. 


3. F. W. GARDNER, “ The 


Blades” 


The Engineer. Feb. 1932. 


Erosion of Steam Turbine 


4. F. DARMARA, “ Unusual Forging Machine Upsets”’. 


The Iron Age. Mar. 


1952. 


5. R. C. ALLEN, “ Steam Turbine Blading”’. 


Journal A.S.M.E. Nov. 


1940. 


6. J. S. TURNBULL, “ Developments in Lost-Wax Pre- 


cision Casting”. 


The Machinist. Jan. 1955. 





SCHOFIELD SCHOLARSHIP PAPER 





METHODS OF AIRCRAFT PRODUCTION 


by H. S. WOODGATE, Grad.I.Prod.E. 


Mr. Woodgate, who is a member of the London Section, is a Process 
Planning Engineer with The Fairey Aviation Company at Hayes, Middlesex. 

After completing his full-time education at Ashford Grammar School, Mr. 
Woodgate attended evening classes at Woodthorpe Road School, Ashford, and 
gained the Royal Socjety of Arts Engineering Certificate. He subsequently 
attended part-time day classes at Twickenham Technical College, where he 
obtained the Ordinary National Certificate in Mechanical Engineering (with 
special reference to Production Engineering) followed by the Higher National 
Certificate in Production Engindering, with endorsements. His association with 
Twickenham Technical College continued as a member of the part-time 
teaching staff, and of the committee of the College Engineering Society. 

Mr. Woodgate served a five-year apprenticeship with The Fairey Aviation 
Company as an apprentice toolmaker, and in 1949 became a Junior Planning 
Engineer. He was appointed to his present position in 1953. Mr. Woodgate 





The Project factories are not equal to the tasks confronting them. 


To study the European methods of aircraft produc- However, what is not generally realised is that the 
tion with special reference to :- translation of an approved prototype design into a 
1. the influence of production considerations on flow of production aircraft is an extremely complex 
the design of aircraft structures : business, the path to success is rough, and the pitfalls 
2. methods of tooling for the production of aircraft are many. Any unforeseen snags, changes of design, 
details and assemblies : or shortages of tools or material, cause delays which 
3. production control systems used in aircraft when multiplied an hundredfold cumulate into the 
manufacturing establishments. race against the calendar which typifies the advanced 
It will be seen from the foregoing aims that the stages of aircraft production. 
project has been couched in the widest possible terms, The three aspects chosen for investigation are, in 
for it is considered that it is only by viewing the entire the writer’s opinion, those which have the most telling 
field of production endeavour as one integrated whole, influence on the time taken to organise the quantity 
that an assessment can be made of its efficiency. production of aircraft. They are also the ingredients 
The subject of aircraft production is topical, and which are most within the control of the production 
without doubt one of vital importance to the nation, engineer. It will be realised that there are other 
both economically, (for exports and the equipping equally important sides of the work (supply of 
of airlines, etc.), and strategically (providing import- material and labour, etc.), but as these depend more 
ant items of national defence). Almost daily the on external (local) considerations, the study of these 
industry is alternately praised for constructing some abroad, where circumstances are different, would not 
advanced design, and criticised for not meeting its be expected to yield such profit as would the study 
production programmes. At first sight, it would of the internal factory influences; they have there- 
appear that the production organisations of aircraft fore been omitted from the project. 
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(1) The influence of production considerations 
on the design of aircraft structures 


When an aircraft structure is designed, the main 
consideration is the specification which it has to fulfill. 
The requirements of speed, load-carrying capacity and 
endurance, at once set limits to its size and shape. 
The nature of the cargo, together with aerodynamic 
facts, dictate the exterior shape and the loading in the 
structural members. The designer will seek to satisfy 
these conditions using the minimum weight of 
material and in the best manner which his ingenuity 
can devise. However, there is often more than one 
design which will answer and it is almost certain that 
one will be easier to produce than another. A relent- 
less enquiry should be made into each assembly and 
each detail to ensure that the design most suitable 
for production has been selected. It is perhaps ex- 
pecting much to anticipate that the designer will 
give unbiased attention to this important side of his 
work. It requires the trained and experienced eye of 
the aircraft production engineer to visualise the de- 
signs in terms of jigs, fixtures, manhours and possible 
production difficulties. The production engineer, with 
his mind untroubled by the finer details of stresses, 
strains, and aerodynamics, etc., can interpret what 
it means in relation to factory loading, machine tool 
capacity, delivery, dates, etc. The liaison should, 
therefore, be extremely close from the very onset of 
a projected design, and the production staff be suffici- 
ently influential to have changes made where 
desirable. 

In the first instance, it is necessary to decide upon 
convenient units, on sub-assemblies into which the 
aircraft is to be divided. This is partly dictated by 
operational requirements, as it is a necessity that 
major units (wings, fuselage, tailplane, etc.) are inter- 
changeable. This allows damaged parts to be re- 
placed with the minimum of difficulty. Beyond this 
the production engineer must decide where it is neces- 
sary to create sub-assemblies for the ease of manu- 
facture, so that a fairly large labour force may be 
employed on the construction of many parts of the 
aircraft simultaneously. The smaller and more 
numerous the sub-assemblies, and hence the shorter 
working time on each, the shorter will be the cycle 
time of the building of the complete aircraft. As 
there are physical limitations on the number of per- 
sons who can work together on the same square yard 
of structure, this breaking down becomes very neces- 
sary if high delivery rates are to be maintained. 

This can best be illustrated by taking an example :- 

(a) If a certain large unit takes 5 men 1,000 
hours to complete, and 5 is the maximum 
which can work on the unit, the cycle time 
is 1,000 hours. 

(b) If 20 men are put on making 4 such units the 
cycle time is still 1,000 hours. 

(c) However, if the unit is broken into 4 sub- 
assemblies and one final assembly, it could 
be expected that the cycle time would be re- 
duced to 200 hours. 

Assuming that the same number of manhours are 
required in each case, the output per unit time (e.g. 


per month) will be the same for both (b) and (c) but 
the cycle time will be reduced. In practice, however, 
the simplification of the individual task, as obtained 
by making the smaller units of work, usually brings 
reduced working times and this is, of course, advanta- 
geous. Also, instead of the four main assembly fixtures, 
which would be required for (b), (c) will only require 
one main assembly jig and four sub-assembly jigs, 
which are usually far simpler to construct. It is 
sound general policy to carry this breakdown as far 
as is practical, because the final assembly stages are 
always notoriously overloaded with work which can- 
not be carried out earlier. 

There comes a point beyond which it is neither pos- 
sible nor desirable to make smaller assemblies, and the 
production engineer is left with a large unit for which 
more than one jig will be required. The number of 
jigs can be easily found by dividing the number of 
factory working hours per month into the product of 
the monthly programme for that assembly and _ the 
cycle time in that particular jig, i.e. 
number of jigs required = monthly programme X jig cycle 

time (+ contingencies) 
monthly factory working hours 
Duplicate jigs will then be ordered, as will be jig 
reference gauges to ensure the interchangeability of 
components from different assembly jigs. 

Assemblies of skin and skin stiffener inevitably take 
a prominent place in aircraft structures and lead the 
designer /production engineer into a choice of method 
of fixing these together : 


(a) riveting (Ref. 14.-——Ref. 1. Page 84) 
(b) bonding (Reduxing) (Ref. 10, 11, 12) 


(c) integral construction (Ref. 8, 20). 








The advantages and disadvantages of these have been 
discussed at the Institution of Production Engineers’ 
Conferences on “ The Problems of Aircraft Produc- 
tion ”, and it is not proposed to reiterate those argu- 
ments here. Full reference may be found in the 
bibliography appended to this essay. It is sufficient 
to say that once the choice has been made the type 
of jigging follows naturally (or nearly so). If integral 
construction is selected, one is forced into the uncer- 
tain wilderness of special machine tools and special 
processes (Ref. 9 and 20) which still require much 
further development. If bonding is selected, pro- 
vision must be made for the cumbersome heated 
presses which this type of joint requires (heat and 
pressure being required to secure a sound joint) 
(Ref. 10). 

Of these two methods (bonding and integral con- 
struction) the structural advantages to be gained by 
using them should be weighed carefully against the 
large capital expenditure which is necessary in order 
to put them into effect. 

The remaining method, riveting, is the conventional 
way, and as it has been practised for some years, a 
large background of experience has been built up 
around the techniques used for this method. Even so, 
the industry is not unanimous as to the type of 
assembly jig most suitable for handling this type of 
structure. The conventional practice is for the jig to 
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locate each of the main structural members, and for 
a skin to be located on them and the rivet holes 
drilled from local drilling jigs, located on the outside 
of the skin. Sometimes either the skin or the stiffener 
may be pre-drilled to avoid jig drilling (see Ref. 1, 
Figs. 189 and 190). Other methods such as the 
Fairey Envelope Jigging System (Ref. 6) have been 
devised, and carry certain attractive advantages. 
These are discussed in Section 2 of this essay and 
are mentioned here to illustrate how the choice of 
jigging to be used will influence the preparation of 
production drawings. Drawings should be dimen- 
sioned in such a way that positions of jigging points 
are easily ascertainable without the adding and sub- 
tracting of many dimensions. If the draughtsman is 
to fulfill this requirement, he will need to be advised 
by the production engineer which points are to be 
used. 

The majority of aircraft structural assemblies com- 
prise a combination of formed sheet metal parts 
(produced from light alloy or steel sheet) and 
machined fittings (produced from forgings or bar 
material). Of these, the machined parts alone may 
be produced with reasonable accuracy (within a few 
thousandths of an inch). The plate details cannot be 
expected to be produced with such accuracy. Indeed, 
tolerances of .030" are considered quite normal for 
this type of work. The result is that when an assembly 
is constructed of many such joints, the build-up of 
tolerances on assembly can be quite formidable. 
Allowance for this must be made in the design, so that 
at some stage this inevitable build-up will go in an 
unimportant direction, rather than cause assembly 
difficulties. Examples are shown in Figs. 1 and 2. 

Fig. 1 shows a bad example of design for produc- 
tion. The limit of tolerances on the hole centres at the 
end fittings has to be +.005". The build-up of toler- 
ances at the faces on which they are to be bolted could 
be .15”, due to the tolerance on individual details, 
the variation of gauge of the intermediate frames, 
and paint at the joints (sixteen layers). To position 
the end fitting accurately, it would require individual 
machining or an allowance for variable packing 
underneath. 

Fig. 2 shows a simple alteration which simplifies 
the assembly. The end fitting may now be positioned 
in an assembly jig and the bolt holes spot drilled from 
the fitting into the box member and bolted up. Also, 
in Fig. 2, it will be noted that the flanges on the box 
member have been reversed to allow easier access for 
riveting than in Fig. 1. 

Fig. 3 shows a section through an aircraft fuselage; 
the assembly has been split at the centre line to allow 
the two halves to be made as sub-assemblies, and it is 
now necessary to join the two halves together. The 
important dimension is the outside shape (to match 
engine cowling and tail unit, etc.). If the method 
shown in Fig. 4 is used to join the two halves, any 
errors will be transferred to the outside contour. How- 
ever, if the method shown in Fig. 5 is used, the out- 
side can be set correctly and any errors taken up in 
the lap joint at the centre. 

These are just two typical examples of the type of 
problem which the production engineer must antici- 
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pate and correct at the design stage. Maultiplate 
structures being as they are, always troublesome, it is 
advantageous to consider whether the number of 
pieces in an assembly can be reduced. Often, by 
re-design, one part can be made to do the work of 
several, and if this is achieved, not only is the number 
of parts to be made reduced but assembly is often 
simplified. 

Also, a close watch must be kept to ensure that 
standard parts are used whenever possible. This not 
only applies to nuts and bolts, etc., but to the large 
range of parts listed in “ The Society of British Air- 
craft Constructors * book of Aircraft Standards. Also, 
it is custom for aircraft firms to have their own 
standards, i.e. parts which can be made common to 
different types of aircraft produced by one company. 
The advantages of using standard parts are sufficiently 
well known not to require further comment here, but 
perhaps what is not quite so obvious is the need for 
standardisation of types and sizes of materials, and 
the number of drawn and extruded sections used. 
For it is better for material suppliers and_ stores 
organisation if the number of items which are to be 
supplied and stocked are kept to a minimum. 

The influence of production considerations should 
be as profound and as far-reaching in the design of 
each detail part, as in the case of assemblies. Each 
drawing should be examined to see if it fulfills the 
following conditions :- 

(a) simple to produce ; 

(b) reasonable tooling requirements ; 

(c) adequate tooling points (tooling holes, pads, 
etc.) to locate component during manufactur- 
ing operation sequences ; 

(d) limits on dimensions where necessary, other 
unimportant dimensions to the widest possible 
limits ; 

(e) standard material (both in gauge, size of 
sheet or bar) ; 

(f) standard tools may be used, i.e. threads, 
drilled and reamed holes, milled corner radii, 


holes to be pierced using standard piercing 
tools, etc. ; 


(g) drawn in the condition for which the part is 
required for the next stage of assembly (i.e. 
holes marked “Ref. only” where not re- 
quired in detail, etc.). 

The part should be considered in the light of existing 
(or proposed) plant capacity to ensure that it can 
be produced. Sheet metal parts should be designed 
with a view to keeping the amount of hand finishing 
to a minimum. Sheet metal parts are especially 
vulnerable to this trouble because of the complex 
curvature of the aircraft profiles. 

Where flanges are curved the depth of flange should 
be kept to a minimum, as where metal has to be 
stretched or lost the component invariably becomes 
bowed, and hand dressing and shrinking are necessary. 
In both Figs. 6 and 7, any reduction in the flange 
depth D will result in a reduction of the hand finishing 
required on sheet metal parts produced from simple 
tools. These are two illustrations of simple cases; 
there will be many others which defy analysis on 
paper, and to investigate these, the production eng- 
ineer should have the power and facilities to try 
out the manufacture of the proposed part on 
temporary tools. This preliminary tryout will show 
whether the part should be re-designed or whether 
more complicated tooling wil! be required. 


(2) Methods of tooling for the production of 
details and assemblies 

The tooling of aircraft details and assemblies poses 
its special difficulties which are not met in other 
industries. Not least of these is the need to keep 
tooling cost at a minimum. When it is considered 
that the total quantity of aircraft ordered of any one 
type seldom exceeds 1,000, it will seem that jigs and 
fixtures will never be worn out. Even the figure of 
1,000 is high, because this will include several re- 
designs (new Mark Numbers) which will scrap many 
of the tools. It may therefore be expected that any 
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tool will only produce a few hundred components, 
and it should be designed accordingly. Simplicity 
should be the keynote, for in an aeroplane having 
20,000 detail parts there may have to be 100,000 
individual tools made, and made in a short time if 
production is not to be delayed. The manufacture of 
these tools can be an industry in itself, and the 
production engineer must arrange some orderly 
method whereby these are constructed as speedily and 
as cheaply as possible. 

It is current aircraft practice to consider these in 
two groups, those which require tool drawings and 
those which do not. Those which require some 
degree of accuracy, i.e. assembly jigs, jig references, 
inachine tool jigs and fixtures, etc., will be drawn 
up by jig and tool draughtsmen and manufactured by 
toolmakers in the normal engineering manner. 

Machined parts (as opposed to sheet metal parts) 
form the bulk of this category and are produced 
by a combination of normal machining operations, 
drilling, turning, milling, broaching, etc. These are 
quite frequently very complex and require many 
operations, and hence many fixtures, to bring them 
to their finished state. An extreme example from the 
writer's experience is the case of a certain machine 
part which commences as a 100 lb. high tensile steel 
forging, and finishes as a 20 lb. detail part. Ninety- 
six separate machining operations are required to 
make the transformation, and 57 jigs, fixtures and 
pecial cutting tools are used. In cases such as this, 
alternative methods of manufacture should be con- 
sidered. If, tor instance, this part could be produced 
by the Investment Casting Process (Ref. 13), it could 
he expected that the number of machining operations 
and nunber of tools would be reduced by two-thirds. 

In view of the immense quantity of tools required, 
the Jig and-Tool Department should concentrate on 
simple, easy to construct jigs and fixtures. Much can 
be done in this direction by making full use of 
standardised jig parts, and using fabrication methods 
of construction in preference to castings. 

From a production engineer’s standpoint, the march 
of aeronautical progress appears to be punctuated by 
the creation of progressively more unmachinable 
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steels, Steels of over 100 ton/sq. in. tensile strength 
are now in everyday use and much remains to be 
done to resolve satisfactory cutting tools for these 
materials. Carefully controlled experiments should 
be carried out to ascertain the best cutting conditions 
and close liaison kept with the specialist cutting tool 
manufacturers to ensure that the latest advances are 
brought into use immediately. 

Assembly jigs must also be drawn before manu- 
facture. These are the backbone of any aircraft 
construction programme. They form the set standard 
by which interchangeability of major components is 
assured. The tool drawings will set the degree of 
accuracy required, and they should be designed to 
withstand years of rough treatment. For not only are 
they subjected to heavy loads (the weight of structure 
resting only on the jig points) but they are also 
subjected to constant hammering where pistol gun 
riveting is used. Assembly jigs under these conditions 
should be periodically checked for accuracy. <A 
convenient way is to construct “ jig references ” (i.e. 
a checking gauge) which can be tried on the assembly 
jig and the jig re-set if necessary. It may be men- 
tioned here that recent developments in squeeze 
riveting (Ref. 7) should lessen the hammering and 
lead to longer maintenance of accuracy. 

The design of assembly jigs will naturally follow 
the policy laid down in the initial selection of type 
of structure (i.e., riveting, bonding, integral construc- 
tion) each method having its particular requirements. 
Whatever the method, careful attention should be 
paid to the fundamental jigging principles as follows :- 

(a) adequate location of all parts (these may be 

located from one another and not necessarily 
from jig); 

(b 


— 


easy access to all working areas (drilling and 

riveting positions accessible at convenient 

working angles — movable staging where 
necessary) : 

(c) easy removal of completed (and heavy) structure 
(retractable locations and adequate overhead 
clearance for lifting tackle, etc.). 

One may be certain that, whatever the type of 
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assembly jig, its construction will be a long pains- 
taking process. This necessitates that manufacture of 
these items should be commenced in sufficient time to 
ensure their readiness to meet the production 
programme. 

The other group of tools, those which do not 
require tool drawings, comprise those simple parts 
for which a skilled fitter can make tools direct from 
the production drawing. The bulk of these will be 
the parts produced from light alloy sheet and made 
by first routing. (Ref. 1, Figs. 102, 103, 105) the 
developed blanks and then forming to shape. Press 
blanking tools have only limited application where the 
quantity of components is sufficiently large to warrant 
the extra cost and manufacturing time which these 
tools involve. The majority of forming of this type of 
component will be carried out on a rubber die press 
(Ref. 3). Using this, the forming tools can be made 
of relatively soft materials, (laminated compressed 
wood, jigwood, laminated fabric resin bonded 
materials, etc.). These materials may be expeditiously 
worked using woodworking techniques. Tools in 
these materials are usually sufficiently robust to stand 
the short working life required, and also carry the 
advantage that they can be modified easily, or 
replaced quickly if they wear out. 

Where photo-lofting (Ref. 2) is employed, the work 
of making individual templates and forming blocks 
is greatly simplified, for it is not necessary for the fitter 
to lay out the development, but merely to work from 
the development templates and forming block tem- 
plates supplied from the Photo-Loft Department. It is 
worth mentioning that this system is one of the factors 
contributing to the build-up of errors mentioned 
earlier. A loft draughtsman drawing on painted metal 
plates with ordinary drawing instruments will only 
obtain an accuracy of +.010". These master plates 
are then photographically reproduced and cut out 
to pencilled lines, at the loss perhaps of another 
+.010”. The fitter then makes his tools, perhaps 
diverging +.005”. This could result in a variation of 
025” before any manufacturing errors occur. This 
potential source of error is eliminated if the fitter 
prepares his own layouts. However, it is current 
practice to consider that the advantages gained by 
photo-lofting (less dimensioning required on drawings, 
speed of toolmaking, etc.) outweigh the loss of 
accuracy. Also, if the production templates are made 
from some soft material (i.e., light alloy, laminated 
resin bonded fabric sheet) the template may be cut 
on a routing machine direct from the loft template. 

Tools will also be made without tool drawing for 
many other operations, stretch bending, welding, 
simple hand pressings, etc. In these, as in all others, 
an important feature will be simplicity. To ensure 
this, and to obtain some degree of standardisation in 
the design of these tools, the fitters engaged on tool 
manufacture should be issued with a set of tool 
standards. These will show typical designs of tools 
and show the materials to be used for different parts 
of the tools. The amount of material required to 
tool up the entire aircraft can then be assessed and 
ordered well in advance. The fitter making tools 
without a tool drawing will work to instructions 


issued by Process Planning Department, and _ their 
advice will be sought on any difficulties. 


(3) Production control systems used in 
aircraft manufacturing establishments 


The function of a production control system is 
two-fold :- 


1. to devise a time plan relating the manufacture 
of details and sub-assemblies to the final delivery 
programme. This will set dates for the starting 
and completion of individual batches to ensure 
that the right parts are available at the right 
place at the right time; 


fo 


to organise a system of progressing, to ensure 
that the time plan is implemented; to show up 
any defaulting from the time plan, so that 
corrective action may be promptly applied. 

The first stage in making a time plan is to compile 
a Time Cycle Chart of the aircraft building time 
(typical example, Fig. 2 in Ref. 1). This is made 
from the estimates of time required at each stage, and 
will show the relative order in which all parts, (details, 
sub-assembly, main assemblies) are required. A 
system of priorities can then be arranged and eaci 
part allocated a priority number according to the 
crder in which it is to be commenced. Hence, parts 
required only for final assembly will have a low 
priority number, e.g., Priority 10, and parts required 
for the initial sub-assemblies will be high priorities, 
e.g., Priority 1, 2 and 3. Intermediate assemblies will 
have intermediate priority numbers. 


As these priority numbers are based on commencing 
dates, it will be seen that the detail parts required for 
a Priority 4 sub-assembly will be comprised of 
Priorities 1, 2 and 3, the difference being in the 
length of manufacturing time for each detail. That is, 
a large machined part will be Priority 1 and a simple 
plate detail will be Priority 3, even though both are 
required for a Priority 4 assembly. In the case of the 
machined part, mentioned earlier, which required 
96 operations, this would automatically carry 
Priority 1 no matter at what stage it is required. The 
Time Cycle Chart and the system of priorities only 
set items in order of importance in relation to one 
another. It must now be superimposed upon the 
delivery programme. By co-ordinating the monthly 
programme with the information on the Time Cycle 
Chart, a Master Time Plan can be built up showing 
the required completion dates of all major assemblies 
(Ref. 1, Fig. 3). This can then be broken down for 
each assembly and a time plan compiled for each 
detail and each sub-assembly (Ref. 1, Fig. 1). 

With the estimated times used in the preparation of 
the Time Cycle Chart, the shop loading can be 
assessed. Comparison should then be made with 
existing (or proposed) shop capacity to ascertain 
what alterations are required to meet the time plan. 
Allowance will have to be made for that inevitable 
bug-bear, modifications. These will always be part 
of the aircraft industry, and extra plant capacity 
should be allowed on a_ percentage basis, the 
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percentage being determined in the light of past 
experience in the manufacture of similar aircraft 
types. 

Should the proposed shop load exceed the maxi- 
mum shop capacity which can be attained, some of 
the work must then be sub-contracted. The items 
chosen should be carefully selected to match the 
proposed sub-contractor’s experience, and care should 
be taken to ensure that the capacity of the sub- 
contractor is sufficient to meet the time plan for the 
sub-contracted parts. If possible, parts or assemblies 
selected for sub-contracting, should be those which 
are unlikely to be modified, for when modifications 
have to be embodied in the middle of production 
runs, some degree of disorganisation is inevitable, and 
it is better to have controlled chaos in the parent 
factory, than uncontrolled chaos at some remote 
sub-contractor. 

The compiling of time plans, as described above, 
presupposes that the rate of output per month is 
constant, This is an ideal situation, and one which is 
only attained after perhaps two years from the 
initiation of production. During this build-up period 
a varying time plan will be required, so that the 
tempo of detail and sub-assembly manufacture is in 
step with the final aircraft output rate. 

The manufacture of details and sub-assemblies is 
intrinsically batch production, and this means that 
not one aircraft may be completed until every detail 
part in the first production batch is complete. As the 
cycle time for the manufacture of a batch is largely 
dependent upon the numerical size (number of 
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machine sets) of that batch, it is necessary that the 
first batches should be small when commencing a new 
machine. The size of successive batches will be 
increased in stages until the economic batch size is 
reached. 

This is best illustrated graphically, and Fig. 8 
shows it more clearly. The graph line shows the 
target rate of production, and it will be seen that it 
ascends slowly at first until the uniform monthly rate 
is attained. The first batch size has been selected 
as five machine sets, and building commences when 
this batch is complete. It will be noticed that the 
manufacture time for this batch is not proportioned 
to the successive larger batches. This is because of the 
larger proportion of machine setting time and free- 
hand work due to the non-availability of tools at this 
stage. Also, the time taken in_ building is 
proportionally larger than successive batches, This 
decreases with the growing familiarity and simplifica- 
tion obtained on later assemblies. 

Once the sizes of succeeding batches have been 
determined, the draft time plan for each batch can be 
compiled and the starting dates and finishing dates for 
each priority marked on the graph. It will be seen 
that the commencing date of one batch cannot fall 
before the finishing date of the previous batch. If this 
occurred there would be two batches running 
simultaneously and overloading would result. It is, 
therefore, possible to see the period available for 
machining a certain batch of components. The 
factory loading can then be calculated and any over- 
load anticipated. By this method it is possible to 











predict overloading many months before it occurs and 
to sub-contract as necessary. Only by careful planning 
in this, or similar, manner can a delivery rate be met 
without violent fluctuations in labour force and 
machine tool utilisation. 

The starting and finishing dates for each priority 
number and for each batch are now passed to the 
Progress Department, whose function is to see that the 
time plan is put into effect. It is necessary for the 
Progress Department to record the location of every 
component in the factory, and to see that they each 
move smoothly from operation to operation without 
becoming delayed or lost. This is effected by either 
having a control card for each component, or a 
collective chart showing each component. The 
essential information which it requires to carry is, the 
physical position of the batch of components, which 
department, which section, etc., also the degree of 
completion. The degree of completion is usually 
marked by some signal method, either by a system 
of markers, (i.e., different colours for “ Not Started ”’, 
“In Manufacture”, and “ Completed”) or by a 
shaded percentage line on a chart. The system should 
be so arranged that parts lagging behind can be 
spotted easily. A check will be made at a given 
period before the scheduled completion date, and any 
serious defaulters extracted for special attention. It 
should be mentioned that much of the progress 
organisation is purely clerical, but it is a wise pre- 
caution to have a few technically trained personnel 
to sort out the unexpected snags which cause the 
delays. The completion dates should be met without 
fail, for the absence of one vital detail part can 
bring the assembly line to a standstill. 


Conclusion 


The forego.ng is a review of the subjects which the 
Writer would like to study if successful in obtaining 
a Schofield Travel Scholarship. In order that the 
project could be studied in a_ systematical and 
orderly manner, a questionnaire would be prepared. 
This would list all the possible questions relating to 
the three sections of the project, and would form the 
basis of the investigation. The aim would then be 
to find other organisations’ answers to these questions, 
by a combination of interrogation, observation and 
enquiry. The questionnaire would be the backbone, 
the solid ground, from which to investigate other 
people’s attitudes, opinions, and outlook on aircraft 
production generally. 

In the essay, endeavour has been made to examine 
the principles of each subject rather than to submerge 
in a swamp of detail, although in certain instances 
detail has been unavoidable to clarify meaning. The 
omission of detail has been pursued deliberately, for 
although aircraft production engineering consists of 
the combination of many specialist activities, the 
aircraft production engineer should be a director of 
these specialists rather than one of them. The measure 
of a production engineer’s skill is in his ability to 
assess the merits of particular schemes in relation to 
all the other factors under his control, the ability to 
choose wisely, the quality of wisdom, whereas 
specialised knowledge may be easily accumulated by 
anyone with the mind to read and observe, and it is 
possible, (with effort) to learn to reason. These in 
themselves do not constitute that elusive quality of 
wisdom. This can only grow with experience, for 
there is much truth in the axiom “ Knowledge is not 
learning and learning is not wisdom”. 


APPENDIX A 


BIBLIOGRAPHY 
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ANY years have elapsed since a relationship was 

established between the foundryman and the 
engineer or craftsman whose task it was to take an 
iron casting of a shape which approximated to his 
requirements, and virtually remake it with his hand 
tools so that it would ultimately fit in the simple 
machine for which it was intended. Only an anti- 
quarian would find useful purpose in delving into 
those early days, but from the point of view of this 
lecture the development of the foundry in the United 
Kingdom over the last fifty years is of some impor- 
tance. At the turn of the century the iron founder 
laboured in a shop of considerable gloom, ill-lit and 
with no mechanical assistance. The moulder was a 
craftsman and something of an artist, whose touch 
was light enough to ease a wooden pattern gently out 
of a sand mould and repair with his tools such parts 
of the mould which exhibited weakness or roughness. 
It is clear, therefore, that at that time the individual 
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skill of the moulder dictated to a large extent the 
quality of the casting and by no stretch of the 
imagination could they be said to be consistent in 
size. Nevertheless, in this age of precision instruments 
one can only regard with great respect the achieve- 
ments of men whose major tools were the eye, the 
touch, and the wooden rule. 

The movement away from these crude conditions 
probably began with the pressing requirements of the 
railway and electrical industries, who both needed 
such quantities of castings at such rates and schedules 
as could not be provided by a foundry industry geared 
to an age of horse-drawn vehicles and oil lamps. So, 
in the face of many difficulties, but born out of 
necessity the process of eliminating manual skill in 
the foundry began. To overcome the slowness of 
moulding, simple machines to assist and speed up the 
ramming of sand about the pattern and the drawing 
of the pattern out of the mould were designed, and 











these were the forerunners of the combined jolt and 
squeeze machines of today. Concurrent with the 
development of mechanisation were the growing 
technologies of materials and metals. Sand was no 
longer just sand; it was recognised as possessing grains 
of silica and alkalis, with clay to give the required 
bond; cast iron became a metal whose ultimate 
strength could be conditioned by the amount of 
carbon and silica present, and the importance of 
manganese, sulphur and phosphorus was recognised. 
With the impetus given to production by the demands 
of the First World War, and the growing require- 
ments of the domestic market, the shape of the 
present day mechanised sand foundry began to 
emerge, and by the evolution of science and tech- 
nology to the exclusion of craftsmanship, the industry 
moved towards comparative consistency of products 
both in material, quality and size. 

Over the years, numerous foundry processes were 
developed and are still developing for application 
within fairly accurately defined limits. There is, for 
example, gravity die casting for light alloys, the 
Eaton-Erb process for die casting certain classes of 
iron castings, and the modern adaptation of the lost 
wax casting process for casting obdurate steel alloys 
to limits of a few thousandths per inch. Again, these 
special processes have had the common aim of 
producing consistent quality and sizes. We can say, 
therefore, that up to the end of the Second World 
War the sand founder had provided the production 
engineer with as good a casting as the limits of sand 
founding would allow, and the special processes had 
catered for certain other specific interests. 


The Advent of Shell Moulding 


I have touched but briefly on recent evolutions in 
the sand foundry. It is important to note that 
developments therein have improved, but not dis- 
placed, the fundamental action of ramming a bonded 
sand about a wooden or metal pattern. Now, shell 
moulding differs essentially from sand moulding in 
that it is revolutionary rather than evolutionary; it is 
not so much a step forward as a step sideways, and 
this moment is appropriate to give a little of the 
background which preceded the attainment of its 
present position as the most important foundry 
development of the 20th century. Its importance is 
to be measured not as an additional foundry process, 
but as one which is slowly but very surely replacing 
an ever growing portion of the sand foundry. The 
original conception of the shell moulding process was 
due to Johannes Croning, who, at various dates 
between 1937 and 1947, developed the process in 
Germany up to an elementary stage disclosed in an 
official document published in the U.S.A. and the 
United Kingdom, and known as “ Field Information 
Agency Technical Report No. 1168’. Prior to the 
publication of this report, however, a number of 
patent applications were made in the U.K. and else- 
where by the Polygram Casting Company Limited. 
Some of these applications have now been accepted, 
and a larger number of additional applications have 
been made. 








Resin/sand mixer. 


It is probable that many people are familiar with 
the basic details of the shell moulding process, but for 
the benefit of those for whom it is entirely new, I shall 
briefly outline the methods by which shell moulds 
and cores are made, in explanation of how this unique 
process is able to produce castings of such accuracy 
finish and soundness. 


Mould Making 


The material for making shell moulds or cores is a 
dry mixture of a finely divided phenol formaldehyde 
thermosetting resin and fine-grained silica sand. 
Considerable research and investigation have been 
put into developing suitable characteristics in the 
former and in establishing material whereabouts 
and grading of the latter. This dry mixture is 
contained in a dump box over which a _ pattern 
plate has been inverted. The pattern plate has 
been heated in a gas oven to a temperature of 
approximately 180°C. and sprayed with what is 
known as a stripping solution, which as the name 
implies allows the mould to be stripped off the plate. 
Now, when the dump box is inverted the mixture 
falls on to the hot pattern plate, the heat of which 
melts the resin and this in association with the sand 
runs over the surface of the plate to assume the shape 
of the pattern and builds up a thickness of plastic 
bonded mould in proportion to the time the material 
is in contact with the plate. For instance, for the 
same pattern plate temperature, a thickness of }” 
would build up in 15 seconds. At the end of the 
investment period the dump box is brought back to 
the normal position and the unaffected mixture drops 
back into it, to be used again later. The pattern plate, 
which now has a thin soft mould on it, is put into the 
oven previously used to heat the pattern plate and 
in 1} minutes the mould has hardened, or cured as 
it is properly called, and can be ejected off the pattern 
plate to look not unlike a plastic moulding. It is, in 
fact, half a mould into which as much as | cwt. of 
metal may be safely poured, although only a }” thick. 
Hence the name, shell mould. While the first 
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pattern plate is in the gas oven for the purpose of 
mould curing, the operator makes a similar mould on 
another pattern plate using the same dump box and 
so develops a continuous cycle of mould making 
based on two pattern plates, a dump box and a gas 
or electrically heated oven. 


Pattern Equipment 


All pattern and core equipment must be of 
metal to stand up to the operational working 
temperatures. The runner system, that is the means 
by which the metal gains admittance into the mould, 
is mounted with the patterns and its size and shape 
has been predetermined by trial and error or the 
growing science of gating practice. In each corner of 
the plate is a tapered dowel which forms a female 
impression in the shell. Thus, when the two mould 
halves are brought together, location is achieved by 
putting a double tapered steel dowel into one and 
closing the other shell over it. Ejecting the mould is 
done by fitting suitably displaced spring loaded 
ejector pins all working off a common ejector plate, 





Sand reclaimer. 


the pins being kept flush with the surface of the 
pattern plate when the latter is in an inverted 
position by the springs at their free length. Thus, if 
the pattern plate is secured and a force exerted under- 
neath the ejector plate projecting it upwards, the 
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ejector pins push the mould off the pattern plate. 
When the force is relented, the springs allow the 
ejector pins to fall flush with the pattern plate surface. 


Core Making 


Just as the mixture of resin and sand is applied to 
a hot pattern plate, so it is admitted to a similarly 
heated core box and in a few seconds a thickness of 
soft core has built up against the hot inside cavities 
of the box. The unused mixture is tipped out and the 
box put back into the oven for the core to cure. At 
the end of the curing cycle of 1 to 14 minutes the box 
is opened and the core is taken out ready for im- 
mediate use. A point I would like to make here is, 
that both cores and moulds have accurately re- 
produced the shape of the equipment from which 
they were made, and all cores and moulds produced 
from the same equipment are identical in size. 


Mould Closing 


In the early days, the method of assembling the 
moulds was simple but exceedingly slow, and whereas 
the average time of making the two halves of a mould 
was three to four minutes, the time required to 
assemble the two shells complete with cores where 
necessary was at least the same. The method em- 
ployed was either to drill holes through the mould at 
selected points near the mould cavity joint line and 
secure the two halves tightly together with bolts 
passed through the drilled holes, or to clip the two 
halves together round the edges with foundry sprigs 
or spring clips. 


Casting 

It was necessary to make considerable alterations 
to the characteristics of the resins originally employed 
in making shells and cores, as they did not impart 
sufficient strength to a mould to resist the hydrostatic 
pressure of the metal during casting. Neither did a 
lack of knowledge of suitable sand in terms of grain 
sizes and refractory qualities help matters. It was, 
therefore, necessary to back up the mould externally 
with a suitable material which flowed freely about 
the mould shape and yet did not impede the ready 
escape of gases during casting. The material chosen 
was steel shot and the moulds were loaded vertically 
into suitable containers with a layer of shot inter- 
spersed between them. Further research into resins 
resulted in the production of several which gave 
greater mould strength and so, in association with 
improved sands of carefully chosen grain size, it 
became possible to cast as much as | cwt. of iron into 
a mould of only slightly increased thickness, without 
resorting to external support. At this stage another 
important change in technique took place, namely, 
the horizontal casting of moulds. Although in some 
ways the mechanics of casting horizontally are 
inferior to vertical casting, the overall advantage in 
terms of soundness and finish is considerable, and 
except in certain instances it is our practice to cast 
horizontally wherever possible. 











fy sec aa OER -guacuaiarit 
vA ¢ : 


Fig. 1. 


Two-station manually-operated mould maker. 


Shell Moulding Mechanisation 


All preceding details relate to the making and 
closing of moulds and cores by hand methods, but it 
became patently obvious, once shell moulding had 
proved its ability to produce castings, that its future 
lay in producing vast quantities of repetition castings 
at prices comparable with those obtained by existing 
systems. This necessitated the design of machines to 
do mechanically, and at great speed, the same opera- 
tions hitherto done by manual handling, and Figs. 
1 to 8 showa range of machines designed to produce 
moulds and cores at fast rates, while retaining the 
qualities elicited as necessary by years of experiment 
and research in shell moulding. 


Two-Station Manually-Operated Mould Maker. 

The simple machine shown in Fig. | is the logical 
advancement from the original dump box. Instead 
of the operator having to lift a comparatively heavy 
pattern plate with both hands and invert it over the 





Fig. 3. Two-station semi-automatic mould maker. Pattern 
plate on dump box ready for insertion. 











Two-station semi-automatic mould = maker. 


dump box, he pivots its easily about one edge and 
lowers it on to the dump box, where it clamps auto- 
matically. After investment, he returns the plate to 
the original position which is also the position for 
curing and mould ejection; the latter is done by a 
foot-controlled mechanical device. Such simplicity 
combines the means of plate handling, mould ejection 
and mould curing into one integrated unit. Operator 
fatigue is greatly reduced and the output per man is 
greatly increased with the aid of this unit. The first 
step had been taken towards the creation of a 
mechanised shell moulding foundry, and such a 
machine became for the small foundry an important 
medium of shell mould production and to the larger 





Four-station semi-automatic mould maker. 
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Fig. 5. Core box clamped in blowing position. 


mechanised foundry, the means of testing out the 
principles of shell moulding. 


Two-Station Semi-Automatic Mould Maker. 
The purpose of this machine, shown in Figs. 2 
and 3, is specifically to handle large pattern plates 
up to a size of 36” »« 24”, and to do this requires 
mechanical assistance to carry the heavy pattern 
plate through an arc subtending an angle of 180° and 
deposit it on top of the dump box in readiness for 
investing. ‘The movement is achieved pneumatically 
in both directions, and the only work left to the 
operator is investing the mould by means of the 
highly geared central hand wheel and lifting the 





Fig. 6. Core maker showing evacuation unit, 
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mould off the pattern plate after ejection which also 
is done pneumatically. 


Four-Station Semi-Automatic Mould Maker. 
On this machine (Fig. 4) four pattern plates are 
worked in rotation, all having been previously heated 
to the required temperature by repeated passing 
through the curing oven. An electric motor provides 
the movement which causes the pattern plates to 
rotate every 30 seconds, thus as one shell is going 
into the left-hand side of the curing oven, a fully- 
cured shell comes out of the right-hand side of the 
oven to be automatically ejected while the pattern 
plate is in motion. For investment the pattern plate 
is rolled on to the dump box and clamped both 
operations being done manually, the dump box is 
inverted pneumatically and a timing device pre-set 
to establish a constant investing time brings the dump 
box back to normal at the end of the investing period. 
Thus by designing the machine to work at pre- 
determined speed, by timing the speed of the rollover, 
period of investment, and thermostatically controlling 
the temperature of the curing oven a theoretical 60 
complete moulds per hour can be made. In practice 
such a machine produces 40-45 moulds an hour. 


Core Makers 


The problems of core making were rather different 
as the major concern initially was not so much the 
elimination of manual handling as with the develop- 
ment of a machine which would make complex cores 
denied to hand methods, in which the resin-bonded 
sand was fed into the core box by gravitational force 
only. In order to take the sand into extended cavities 
of small cross sections and yet do this without the 
occurrence of any separation of the sand from the 
resin, requires a measure of force. The fault of 
separation causes cores to be soft in places and readily 
penetrable by a searching metal, and it is not easily 
avoided, owing to the great difference in weight 
between grains of resin and sand although of the same 
size. It is this tendency towards separation that 
renders most of the existing sand foundry core blowers 
inefficient or unusable. Over the years, the major 
problems attendant on making difficult cores at 
fairly fast rates and of good finish have been over- 
come, and Figs. 5 to 7 show three highly efficient 
core makers which exhibit two unique features; these 
are, the mechanical handling of core boxes with the 
exclusion of a separate oven for curing, and the 
method of extracting the surplus mixture from the 
core box without the need to invert it after investing. 


Mould Closing 


Whereas the methods of mould assembly previously 
described were sufficiently fast to deal with moulds 
made at the rate of 15 an hour per man, obviously a 
much faster method had to be devised when the rate 
per man climbed to 45 moulds an hour. Either the 
rate must go up, or the labour on assembly trebled 
to prevent a production bottle-neck at the point of 
assembly. In eliminating such a bottle-neck without 

















increasing labour, it became necessary to design a 
closing machine that was universal in application not 
from the point of dealing with a wide range of mould 
sizes, but from the point of flexibility in closing 
moulds of diverse external shapes; a problem which 
is aggravated by the very nature of a shell mould. It 
was decided that a suitable glue would contribute 
towards speed if it would set in a matter of seconds, 
and an adhesive was discovered which, if applied to 
the joint line of a cold shell and the other shell at a 
temperature of about 120° closed over it, would set 
hard and strong within 20 seconds, provided the two 
shells were in intimate contact. The problem became 
then one of providing the necessary intimate contact 
over the whole mould face before the adhesive 
hardened, leaving perhaps a gap at some points 
through which the metal would escape during casting. 
Fig. 8, showing the mould closer and the mould 
heating stove, indicate how this problem was 
overcome and an efficient system of assembly deve- 
loped with a rate as high as 60 moulds an hour. 

The cold shell complete with adhesive and with the 
loose dowel locator in the corners, is placed on the 
bottom rubber diaphragm, which is connected by 
flexible hose to a vacuum pump. The hot top shell 
is removed from the mould heating oven, put on the 
cold shell and the top rubber diaphragm quickly 
closed over the complete mould. Once the mould is 
sealed between the two diaphragms, the air is quickly 
exhausted from between them through the bottom 
one and the shells are held closely together by a 
pressure of 14-15 lb. per sq. in. applied by the rubber 
diaphragms, which mould themselves to the external 
shape of the shell, thus ensuring a constant pressure 


‘ig. 8. Mould heating oven (left) and 
mould closer (right). 








Fig. 7. Two-station core maker with air-operated jaws 


for holding box halves. 


all over. In 20 seconds the adhesive has hardened and 
the mould is taken out of the machine ready for 
casting. 
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Examples of Shell Moulded Castings 


‘a) Grey iron castings. These five castings were all 


cast in B.S.S. 
3.20, 


carbon, 


1452 Grade 17, which contains 3.00- 
1.4-1.6°, silicon and 0.4°, phos- 


phorus; these being the dominant elements. They all 
weigh between | and 6 lb. and were chosen because 
they all offer specific advantages to the customer 
which he is unable to obtain from sand castings. 


wr 


Mill flat surface on op- 
posite side to the bored 
boss. 

Mill boss face to achieve 
parallelism with other 
milled surface. 
Bore and ream 
holes. 

Cut teeth. 


both 


Mill profile, drill boss. 
Ream drilled hole in 
boss. 


Previously made from a 
flame cut steel blank to 
which the boss was wel- 


ded. 


Mill both flat parallel 
sides, drill and ream 
hole. Mill and turn 
stud. 


Remove 4 from bore, 


remove 4; from outside 
diameter, cut oil ways. 


Ream hole only. 


File joint line on pro- 


file. Ream hole in 
boss. 
Ream cast hole in 
boss. 


Cast to size. 


Remove @ from bore 
remove gz*from out- 
side diameter. 








Above and right — examples of iron castings. 
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(b) Non-ferrous casting. The six castings chosen 
were all required to show a saving in machining, but 
no effort was made either to eliminate it completely 
or even reduce machining to a few thousandths. In 
all cases the normal sand casting allowance of }” was 
reduced to 4”. The operations of machining and 
boring were done on capstan lathes by semi-skilled 
labour and all times are floor to floor, that is cycle 
times. 


Casting No. 7.S. 204 


Metal . F : ... Gun Metal (85-5-5) 
Weight of sand casting ike oie or 5 Ib. 
Weight of shell casting 6 ve 3h. 12 02 


Machining Operations 
1. Turn and bore. 
2. Face flange. 


Time to machine sand casting sind ... 9 mins. 
Time to machine shell casting wot ... 6 mins. 
Number of castings required ii bei 700 
Total machining time saved by using 
shell castings : a 2100 mins. 
Total weight of metal saved by using shell 
castings... fet aS os <-> Fo ID. 


Casting No. 7.P. 401 


Metal . .-» Gun Metal (85-5-5) 
W eight of sand casting ne ne 31. 2 oz. 
Weight of shell casting ae a 2 Ib. 14 oz. 


Machining Operations 


1. Turn and bore all over. 


2. Face. 
3. Screw. 
Time to machine sand casting men ... 13$ min. 
Time to machine shell casting wel ... 8 mins. 
Number of castings required 2a oe 650 
Total machining time save by used 

shell castings 3575 mins. 
Total weight of metal saved by using 

shell castings ma ise a 1460 lb. 


NON-FERROUS CASTINGS 














Casting No. J.S. 204. 


Casting No. J.P. 401. 








Casting No. J.S. 3. 





Casting No. J.D. 2266. 
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Casting No. F.S.3 
Metal 

Weight of md casting 
Weight of shell casting 


Machining Operations 


1. Turn and bore all over. 
2. Face ends and lugs. 

‘Time to machine sand casting 
Time to machine shell casting 
Number of castings required 


Total machining time saved by 


shell castings 


Total weight of me tal saved by 


shell castings 


Gun Metal (85-5-5) 
6 lb. 3 oz. 


3 Ib: 2 oz. 
14 mins. 
10 mins. 
ee 4,500 
using 
1800 mins. 
using 


13781 Ib. 


Casting No. J.L. 738 (not illustrate J 
Metal . ei = Aluminium 1ID.1T.D. 424 


We ight of sand casting 
Weight of shell casting 


Machining Operations 


1. Face and bore square side. 


2. Face round flange. 


3. Drill two holes. 

Time to machine sand casting 
‘Time to machine shell casting 
Number of castings required 


3 Ib. 8 oz. 
2 Ib. 8 oz. 


11 mins. 
7} mins. 
fag 3,000 
using 


‘Total machining time saved by 

shell castings 10,500 mins. 
Total weight of met ul saved by using 

shell castings 3,000 Ib. 
Casting No. J.D. 22 
Metal . 7 Aluminium D.T.D. 424 
We ight of Si und canting 2 ib. 13 oc. 
Weight of shell casting 2 Ib. 1 oz. 
Machining Operations 
1. Bore and turn. 
2. Face flange. 
‘Time to machine sand casting 25 mins. 
Time to machine shell casting 18 mins. 
Number of castings required ste 650 
Total machining time saved by using 

shell castings 4,550 mins. 
Total weight of me tal saved by using 

shell castings 487 |b. 

Casting No. J.D. 2266 
Metal . ; ane Aluminium D.T.D. 424 
W eight of sand casting 8 oz. 
Weight of shell casting 6 oz. 


Machining Operations 


Face, bore and turn sand casting. 
Face and turn shell casting only. 


Time to machine sand casting 
Time to machine shell casting 


Number of castings required 


Total machining time saved by 


shell castings 


Total weight of me tal saved by 


shell castings 


6 mins. 


1.5 mins. 

a 650 
using 

2,925 mins. 
using 


81 Ib. 








It is interesting to re-examine these figures and 
make a summation of the various savings made by 
making the six components in question by the shell 
mould process. 


On only 10,150 castings: 
(a) 4,650 mins. were saved in the machine shop, 
that is a saving of 35°,, machining cost. 
(b) 19,684 lb. of metal were saved, or an average 
weight reduction per casting of 48° ,,. 
(c) The total value of the metal saved was £1,650. 


Operator Reaction. A machinist normally has no 
interest in the method of making components before 
they reach him. It was the custom for these castings 
under discussion to be produced as sand castings, but 
not unnaturally the machine shop operators won- 
dered at the somewhat different finish of the shell 
castings they were called upon to machine. It is 
important to note and record that their feelings 
towards shell moulded castings reacted favourably in 
favour of them on the following grounds: 

(a) The life of tools before requiring regrinding 
increased by as much as 300°,,. 

(b) Fewer chuck settings were necessary because 
of consistency in concentricity. 


Properties of Shell Moulded Castings 


I have traced the development of this process from 
the original simple equipment to a range of mech- 
anical units which together are capable of producing 
shell moulded castings in considerable quantities, and 


thus preparing shell moulding for its ultimate role of 


leadership in the manufacture of repetition castings 
in virtually every known commercially cast metal. 
But it is not sufficient to achieve or to show promise 
of high production unless other virtues are present 
also, the most desirable of which are accuracy, 
soundness, finish and economic prices. Let us con- 
sider each of these subjects briefly. 


Accuracy. Shell moulds have a remarkable stability 
in terms of resistance to moisture and deterioration, 
and this coupled with their structural strength attests 
further a lack of dimensional change. The pattern 
equipment must be of metal, preferably cast iron and 
should be made to tool limits and finish. The mould 
when formed lies closely against the pattern and is 
hard and unresilient at the time of ejection, unlike a 
sand mould which at the identical point in its life is 
frequently trapped before stripping from the pattern, 
either to facilitate removal or to gain a little extra 
metal thickness. Consistency in mould or core is 
achieved, therefore, because the operator is unable 
to influence its shape. He is not called upon to ram 
sand either by hand or through the medium of a 
machine and it should be noted that one of the prime 
causes of sand foundry scrap is either moulds which 
are too soft, which promotes swollen castings, or 
moulds which are too hard, which causes blow holes 
in the castings owing to lack of permeability, i.e. the 
tendency to contain air in the mould cavity rather 
than allow it to escape between the sand grains;such 
air either becomes trapped inside the casting or 


gathers in the corners giving rounded edges where 
sharp edges are desired. Shell cores are formed 
within the core box and to the exact shape of the 
latter. At the time of extraction they are ready for 
immediate use and are unalterable in size. Unlike 
the conventional sand cores, they do not require pro- 
longed baking with its attendant risk of distortion and 
alteration in volume. Both cores and moulds stand 
firm against the metal pressures set up during casting 
and consequently, just as the pattern has accurately 
reproduced a mould, so this unyielding mould 
accurately reproduces a casting. I use the term 
‘accuracy’ hoping that it will be interpreted in 
terms of the foundry and not the machine shop. 
Whereas in the past one has talked of machining 
allowances on castings as high as one-eighth of an 
inch, it is now reasonable to talk of machining 
allowances of ten thousandths of an inch or even hold 
tolerances of plus or minus five thousandths of an 
inch, provided the dimension under consideration is 
wholly contained within one half of the mould. The 
overriding advantage of shell moulding is the con- 
sistency of casting to casting, and bearing in mind 
that shrinkages are worked out by trial and error, it 
is neither unreasonable nor impossible to achieve 
even closer limits if a pattern is left over-sized and 
progressively reduced as subsequent castings indicate 
the consistent error to be eliminated. 

Soundness. The requirements of physical character- 
istics vary from industry to industry, but there is an 
increasing tendency to set strength standards rather 
higher than the use for which the casting is put, 
demands. The natural limitations do little to assist 
the maintenance of high strength figures and it is a 
credit to sand foundry technicians that, in spite of 
the freedom of operators to influence the quality of 
moulds and cores, and in spite of the great difficulties 
in maintaining sand consistency in respect of moisture 
content, clay and coal dust additions and perme- 
ability, he delivers castings of such high quality. No 
similar difficulties beset the shell moulder. His basic 
material is a simple mixture of dry substances; the 
moulder or core maker is unable to influence the 
quality of core or mould. The hardness of the latter 
makes handling easy and there are no soft edges to 
be washed into the mould with the metal to cause 
inclusion. The absence of moisture and the thinness 
of the mould permits a high rate of gas escape during 
casting so that the incidence of blow holes is very 
small. The thin dry mould prevents the formation of 
a hard skin or the presence of hard spots as is normal 
in a sand casting due to the cooling effect of moisture. 
This tendency towards slower cooling allows metal 
feeding through the ingate or the riser to be prolonged, 
creating a much denser structure. It is a proven fact 
that shell cast gunmetal castings are about 5°, 
heavier per unit volume than sand castings of the 
same metal. Laboratory tests both here and in 
America affirm that ferrous and non-ferrous shell 
moulded castings have a slightly higher ultimate 
strength and elongation, and about the same as or 
slightly lower yield point than sand castings. 

Finish. Surface finish is primarily a function of sand 
fineness and the very nature of sand founding prevents 
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the use of extremely fine sands such as will pass 
through a 150 mesh screen. A grain size as small as 
this would produce a very high percentage of blown 
castings. Moreover, the shorter the feeding range of 
metal employed the coarser must the sand be to 
permit the escape of gas and air from the mould 
cavity before the metal solidifies round it. Con- 
sequently steel castings have a much poorer finish 
than iron castings, even allowing for the greater 
penetrating powers of steel. By contrast it is normal 
in shell moulding to use a sand of which over 60% 
passes through a 150 mesh sieve and over 20°, 
through a 200 mesh sieve. The use of such a fine 
material is made possible by the mould’s high 
permeability, due to the complete absence of moisture 
and the thinness of the shell; both conditions pro- 
moting the rapid escape of gas from the mould 
cavity. A mould, and thus a casting, of course can 
approach but not exceed the smooth finish of the 
pattern which produced it and shell moulding sand 
does enable castings to get very close to the excellence 
of the patterns used. It is, therefore, extremely 
important that great stress be laid on the quality of 
pattern finish. 

Economy. There is sufficient evidence abroad today 
in indication that improved methods and materials, 
greater experience and the availability of suitable 
machines are making shell moulding costs comparable 
with those of the sand foundry and other methods of 
producing components over a fairly large section of 
industry. There are, however, a number of advantages 
in a shell moulded casting which accrue to the 
customer, rather than the founder who has changed 
over to shell moulding from conventional sand 
foundry practice. These are the reduction or even 
the elimination of machining on certain classes of 
castings, and the reduction in weight and increased 
tool life owing to the softness of casting skin. If iron 
is cast into a shell mould and a sand mould of the 
same component, the Brinell Hardness of the shell 
moulded casting will be some 15 to 20 points lower. 


You have seen in the castings exhibited the type of 


machining operations that can be reduced and 
observed the detail, sharp edges and excellent finish. 
The inclusion of these unexpected qualities represent 
considerable economic gains in the machine shop 
where overheads are notoriously high. The elimina- 
tion of one minute off the machining time of a 
particular casting is inflated to a much larger figure 
when the saving of a high overhead charge is also 
added. A more indirect but nevertheless tangible 
saving is the increased capacity of a machine shop, 
through the elimination in the number of machining 
operations required on the shell castings that pass 
through. 

There are many unsolved or half-solved problems 





between foundryman and engineer which provide 
contentious argument and none more than the 
question of design. What suits the designer is fre- 
quently, in the opinion of the foundryman, uncastable, 
and what the latter considers a reasonable alteration 
is invariably unacceptable to the former. Through 
shell moulding with its facility in casting sharp 
corners without fillets, the casting to tolerances not 
previously considered possible and the reduction in 
such operations as milling, profiling and broaching, 
the designer is now able to specify and design for 
shell castings to the consequent economic advantage 
of his product. The value of this has not passed un- 
noticed and numerous companies throughout the 
country are extracting full advantage of this unique 
Process. 


Conclusion 


The limitations imposed on a single lecture of short 
duration whose purpose is to propound and argue 
the merit of a case are apparent to everybody, and I 
have been able to do little else but indicate trends 
and the general direction in which shell moulding 
moves to the ultimate advantage of the sand founder 
and the purchaser of castings. Nevertheless, these 
trends are substantial and their importance to the 
foundry industry is only exceeded by their cogency 
to the production engineer, of whom I say, with due 
respect, that he has a prime duty in seeking greater 
capacity for his machine shop through the elimination 
or partial elimination of machining operations in the 
foundry. 

Shell moulding has made a notable, indeed pro- 
bably the greatest contribution, towards the provision 
of sound, consistent castings in the last fifty years and, 
as a lusty infant of only eight is on the threshold of 
widespread usage. It would be unwise, however, not 
to say that it has limitations and its own particular 
problems. It will not produce production castings to 
.001” or. 002” as has sometimes been claimed, neither 
would it make many of the castings at present 
obtainable in the sand foundry, but its impact grows 
and its field of application widens month by month. 
This rate of growth can only benefit from a close 
measure of co-operation between the engineer, the 
designer and, the foundryman and a mutual benefit 
will emerge from this most desirable association. 
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Mr. G. E. Dance, Member, has been appointed 
to the Board of Messrs. Bratby & Hinchliffe Limited, 
Mauchester. Mr. Dance has been employed with this 
Company for the past nine years, as Works Manager. 


Mr. F. R. Francis, Member, Director of Francis 
Brothers (Drop Forgers) Ltd., Sheffield, has been 
appointed Acting Honorary Consul of Latvia in 
Shefheld. 


Mr. B. C. Harrison, Member, of Alfred Herbert 
Limited, Coventry, is no longer the Director of 
Works, having been appointed the Director of Designs. 


Sir Walter Puckey, Past President, is Chairman 
of a newly-formed company, Automation Consultants 
and Associates, Ltd. Another member of the Institu- 
tion, Mr. J. A. Sargrove, is a director of the 
company. 


Mr. A. Adhikari, Associate Member, has been 
appointed Works Manager of the Indian Standard 
Wagon Co. Ltd., at Burnpur, India. 


Mr. R. M. Bold, Associate Member, is now Chief 
Production Engineer with Messrs. A. C. Delco 
Division of General Motors Limited. Previously he 
held the position of Production Engineer. 


Mr. Frank Hinchey, Associate Member, has now 
left England and is working in New Zealand for a 
few years. 


Mr. R. G. Lawrie, Associate Member, has re- 
linquished his position of Works Manager with 
Casemakers Limited, Birmingham, to join Westclox 
Limited, Strathleven, Dunbartonshire, as Chief Engin- 
eer in their new watch factory. 


Mr. J. A. Marston, Associate Member, has 
recently left the Woolwich Polytechnic to take up a 
new appointment as Lecturer and Deputy Head in 
the Trades Department at Paddington Technical 
College. 


Mr. A. Niedzwiedzki, Associate Member, has 
been appointed a Service Engineer for the Detroit 
District of Firth Sterling Inc., of Pittsburgh, 
U.S.A. 


Mr. Charles C. Postill, Associate Member, has 


now taken up an appointment as Planning Engineer 
with A. Kershaw & Sons. 





news of members 





Mr. J. Rhodes, Associate Member, has recently 
been appointed a Director of The R. J. H. Tool & 
Equipment Co. Ltd., Heckmondwike. 


Mr. R. D. Tomkinson, Associate Member, has 
been appointed Works Production Manager with 
Messrs. Kenwood Manufacturing Company Limited, 
Surrey. 


Mr. S. Brown, Graduate, has taken up an appoint- 
ment as a Production Engineer at Ferodo Limited. 


Mr. K. L. Bhala, Graduate, has been appointed 
Assistant Director (Grade 1) in the Directorate- 
General of Supply and Disposals under the Indian 
Ministry of Works, Housing & Supply, and has been 
posted in Calcutta. 


Mr. Derek C. Crowther, Graduate, has taken 
up an appointment as Methods Engineer with the 
Rolls-Royce Company at Barnoldswick, Lancashire. 


Mr. G. Fenton, Graduate, has taken up an 
appointment as Consulting Industrial Engineer with 
the Vernon Group of Industries, 


Mr. T. J. Harrison, Graduate, has relinquished his 
position as Planning Engineer with Integral Co. Ltd., 
Wolverhampton, and has taken up an appointment 
as Planning Engineer with John Thompson Conveyor 
Co. (Ordnance Division), Wolverhampton. 


Mr. W. G. Peters, Graduate, has recently taken 
up an appointment as Production Planning Engineer 
with The Bell Punch Company, Uxbridge. 


Mr. P. Powell, Graduate, has recently taken up 
an appointment with I.C.I. * Terylene’ Council at 
Hillhouse Works, near Blackpool. Mr. Powell’s 
position is Assistant to the Plant Engineer. 


Mr. R. G. Wilbrey, Graduate, has relinquished 
his position as a Work Study Engineer with Guest, 
Keen & Nettlefolds (Midlands) Limited, and has 
taken up an appointment as H.M. Inspector of Fac- 
tories, Class II, with the Ministry of Labour & 
National Service. 
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Obituary 








MR. GEORGE C. TROWBRIDGE 





The Institution records with great regret 
the death of Mr. George C, Trowbridge, 
Member, who was Managing Director of 
Wickman Linited until February, 1954. He 
joined the Company as Deputy Managing 
Director in 1944, and was made Managing 
Director in 1947. 

Mr. ‘Trowbridge was a_ well-known 
production engineer and was engaged for 
many years between the wars as Production 
Manager for the Gramophone Company, 
Hayes, Middlesex. In 1936 he became 
General Manager of the Speke, Liverpool, 
factory of Rootes Securities, Aircraft Division, 
which he relinquished in 1942 to assume the 
Managing LDirectorship of a Wickman 
associated company, Powderloys Limited, of 
Coventry. His retirement from Wickman 
Limited was caused through ill health, and 
at the time of his death he was undergoing 
special treatment in a London hospital. He 
was 67 years old. 








Hazleton Memorial Library 





“Shop Theory ” (4th Edition) Henry Ford Trade School, 
Dearborn, Michigan. McGraw-Hill, New York, 1955. 
329 pages. Illustrated. Diagrams. 

This book is an Americai contemporary of several British 
books on the subject of workshop technology. The chapters 
cover small tocls, hand tools, soldering, tapers, threads, 
gearing, cutting tools, the principal general purpose machine 
tools, gauges, slip gauges, heat treatment, grinding wheels, 
and routing of bench work. In addition to the foregoing, 
there is a substantial appendix containing many standard 
tables, including decimals, wire gauges, geometry, tapers and 
S.A.E. specifications. There is also a list of visual aids 
published by the Ford Company. 

This book was written by an unnamed team of teachers 
from the Ford Trade School. One can imagine that the 
finished product is the result of a great deal of commit'cc 
work and the result appears to be entirely free from mistakes. 

The style of the book is rather unexpected. It is written 
in the form of question and answer and although this tends 
to make the reading of the book a rather jumpy operation, 
the style lends itself to easy revision to keep the book in line 
with technical progress. There is evidence of this after com- 
parison with earlier editions. 

The fundamental object of the book is to offer informa- 
tion to the beginner. The questions range frem ‘‘ What is a 
screwdriver?” to “What is a precision horizontal boring, 
drilling and milling machine?’’ Between these extremes 
there are a few questions at which a purist might shudder. 
Examples are: “How much materials should be left for 
finishing with a file on lathe work?” and “ Describe the 
operations of graduating on a milling machine ”. 

It is very easy to criticise a book of this type, but it must 
be regarded as an excellent collection of workshop knowledge 


130 


REVIEWS & 
ADDITIONS 





at shop floor level. It may be too expensive for purchase 
by young people, but they could certainly read it with 
profit. The technical college teacher could find many good 
leads for questions between its covers. Experienced British 
production engineers could profitably scan the illustrations 
to gain information on American tools not normally offered 


for sale in Great Britain. They may be surprised by 
advances in some features, and even more surprised at lack 
of progress in others. S.R.S. 


* Diecasting Die Design” by H. K. Barton and L. C. 


Barton. Machinery Publishing Co. Ltd., 1955. 
(“ Machinery’ Standard Reference Series) 158 pages. 
Diagrams. 17/6d. 


This book, as emphasised in its title, is concerned solely 
with die design : it is a specialised treatise and not a general 
exposition of diecasting. It is clear from the Preface that 
the joint authors, consultants in this field, have had in mind 
the dearth of information of an analytical nature available 
to the die designer. Consequently, their aim has been to 
: analyse and group together the various recurrent 
features in die construction ’ as providing at least some 
guiding principles to temper the otherwise empirical approach 
to this subject. 

Representative chapter headings are: Runners and Gates ; 
Ejector Mechanisms ; Retractable Cores ; Locating Casting 
Inserts in the Die ; Use of Loose Inserts ; Thermal Balance 
in the Die ; Die Design and Dimensional Accuracy ; and 
show clearly the line adopted by the authors in pursuit of 
their aim. No less than 218 specially drawn diagrams 
accompany the text and the obvious care and attention to 
detail displayed are a measure of the competence of the 
authors in this field. A good index makes for easy reference. 











This is a book which can be 1ecommended to diecasting 
die designers, and those faced with technical problems in 
diecasting, and is a valuable addition to the literature avail- 
able on this subject. A.J.L. 


* Tool and Cutter Grinding” by Robert S. Connell. 
Machinery Publishing Co. Ltd., Brighton, 1955 
(“ Machinery ” Standard Reference Series). 159 pages. 
Illustrated. Diagrams. 17/6d. 

Two noticeable features of this book are clear, compre- 
hensive and orderly arrangement of subject matter, and 
effective use of diagrams and photographs (169 figures in 
all) illustrating the text. 

The opening chapter on equipment gives a good general 
account of grinding machinery and wheels suitable for cutter 
grinding. It is followed by chapters dealing with the grind- 
ing of single point tools, twist drills, milling cutters, screw 
cutting equipment (die head chasers, taps, etc.), broaches 
and gear cutting tools, and cemented carbide tools. In each 
case, up-to-date information and illustrative matter has been 
submitted by leading concerned manufacturers whose co- 
operation adds considerably to the usefulness of this volume. 
Adequate tabular data cover such things as suitable tool 
angles and the machine settings necessary .o obtain them. 
The index has been carefully drawn up and reference to 
particular points is quick and easy. 

In such a book, otherwise so excellently compiled, one 
would have liked to see nomenclature and definition of tool 
shapes and angles treated rather more thoroughly and atten- 
tion drawn to the relevant B.S. In all other respects this 
is a commendable book and the Publishers are to be com- 
plimented on the excellent reproduction of all illustrative 
material. 


ADDITIONS 


BRACE, A. W. “ Hard Anodising of Aluminium and Its 
Alloys.” London, A.D.A., 1954. 11 pages. Illustrated. 
Diagrams. 

BRITISH PRODUCTIVITY COUNCIL, London. 
** Standardisation: An Aid to Productivity.” London, the 
Council, 1955. 16 pages. 

BRITISH PRODUCTIVITY COUNCIL, London. ‘* Work 
Study in—Cotton, Electrical Equipment, Engineering, 
Fabrics, Factory Layout, Footwear, Furniture, Horticul- 
ture, Hosiery, New papers, Office Work, A * One-Off 
Factory,’ Printing, Surgical Dressings, Toys and Small- 
ware.” London, the Council, 1955. 56 pages. Diagrams 
(B.P.C. Case Studies). 

BRUNS, Robert A. and SAUNDERS, Robert M. “ Analyis 
of Feedback Control Systems, Servomechanisms and 
Automatic Regulators.” London, McGraw-Hill, 1955. 
400 pages. Illustrated. Diagrams. 

CINCINNATI MILLING MACHINE CO., Cincinnati. 
Ohio. “ Machining ard Grinding Titanium.” Cincinnati, 
the Co., 1954. 15 pages. Illustrated. Diagrams. 

CLEVELAND PUBLIC LIBRARIES—Business Information 
Service. ‘* Operations Research” (OR). Cleveland. 
Ohio, the Library, 1954. 8 pages. Bibliography. (Bulletin 
of the Business Information Bureau, Volume 25, No. 2. 
Feb.-Aug., 1954). 

COPPER DEVELOPMENT ASSOCIATION, Radlett, 
Herts. ‘** Copper Alloy Resistance Materials.” Radictt. 
the Association, 1953. 44 pages. Illustrated. Diagrams. 

COPPER DEVELOPMENT ASSOCIATION, Radlett, 
Herts. “* Copper Conductors for Overhead Lines” by 
G. W. Preston and H. G. Taylor. Radlett, the Association. 
1953. 55 pages. Diagrams. 

COPPER DEVELOPMENT ASSOCIATION, Radlett. 
Herts. “* The Strength of Copper Tubes and Cylinders: 
Design Data.” Radlett, the Association, 1955. 44 pages. 
Illustrated. Diagrams. 

DIETZ, Albert G. H. ** Reinforced Plastics.” Washington, 
Small Business Administration, 1954. 6 pages. (Technical 
aids for small business No. 39). 





ELECTROPLATING ENGINEERING HANDBOOK. 
Editor A. Kenneth Graham. Assistant Editor H. L. 
Pinkerton. New York, Reinhold, 1955. 650 pages. 
Illustrated. Diagrams. 

EVANS, Walter R. “ Control System Dynamics.” London, 
McGraw-Hill, 1954. 282 pages. Diagrams. 

GEARY, P. J. “ Flexure Devices, Pivots, Movements. 
Suspensions: A_ Bibliographical Survey.” Chislehurst, 
Kent, B.I.S.R.A., 1954. 44 pages. Diagrams. 

HARRISON, Godfrey. “ Life and Belief in the Experience 
of John W. Laing.” London, Hodder and Stoughton, 
1954. 120 pages. Illustrated. 

IMPERIAL CHEMICAL INDUSTRIES LTD., London.—- 
Paints Division. ** Measurement and Control of Industrial 
Paint Finishing Costs: Report of a Conference.” London, 
1954. London, I.C.J., 1955. 60 pages. Illustrated. 
Diagrams. 

MACHINERY’S SCREW THREAD HANDBOOK. 16th 
Edition. Re-arranged and rewritten. Brighton, Machinery 
Publishing Co., 1955. 215 pages. Diagrams. 

MINISTRY OF LABOUR AND NATIONAL SERVICE 
Factory Department. ** Safety and Health in Industry. ° 
London, Sky Press, 1955. 100 pages. Illustrated. 

MONDAY, C. “ Capstan and Turret Lathe Practice.” 
Brighton, Machinery Publishing Co., 1955. 199 pages. 
Diagrams. 

NATIONAL PHYSICAL LABORATORY, Teddington, 
Middlesex. “ Precision Electrical Instruments: Proceed- 
ings of a Symposium held at the National Physical 
Laboratory.”” November, 1954. London, H.M.S.O., 1955. 
374 pages. Illustrated. Diagrams. 

OFFICE MANAGEMENT ASSOCIATION, London. 
“*The Scope of Electronic Computors in the Office. ’ 
Papers prepared for the National Conference of the 
O.M.A., 1955. London, the Association, 1955. 102 pages. 
Illustrated. Diagrams. 

SLUCKIN, W. “* Minds and Machines.’? Harmondsworth, 
Middlesex, Penguin Books, 1954. 224 pages. Diagrams. 

OXFORD JUNIOR ENCYCLOPAEDIA; volume VII, 
Engineering. London, O.U.P., 1955. 495 pages. 
Illustrated. Diagrams. 

ROBERTS, F. and NORRIE, G. O. “ Electronic business 
machines: A Critical Review.” Thames Ditton, Surrey, 
Solartron Electronic Business Machines Ltd., 1955. 6 
pages. Illustrated. Diagrams. 

ROBIETTE, A. G. E. “ Electric Melting and Smelting 
Practice.”” London, Griffin, 1955. 356 pages. Illustrated. 
Diagrams. 

SOCIETY OF AUTOMOTIVE ENGINEERS, New York. 
**SAE Manual of Blast Cleaning.”” New York, the 
Society, 1954. 54 pages. Illustrated. Diagrams. 

STANFORD RESEARCH INSTITUTE, — Stanford, 
California. * Proceedings of Symposium on Automatic 
Production of Electronic Equipment,” sponsored by Stan- 
ford Research Institute and United States Air Force. San 
Francisco, 1954. Stanford, Stanford. Stanford, U.P., 1954. 
119 pages. Illustrated. Diagrams. 

THALER, George J. and BROWN, Robert G. “ Servo- 
mechanism Analysis.” London, McGraw-Hill, 1953. 426 
pages. Diagrams. 

INITED STATES OF AMERICA-—Department of 
Defense. ‘** Administration of Sampling Procedures for 
Acceptance Inspection.” Washington, the Department, 
1954. 38 pages. Diagrams. 

JINITED STATES OF AMERICA—-Department of Labor. 
—Bureau of Labor Statistics. ‘ Coal Burning Space 
Heaters, prepared for the Foreign Operations 
Administration, Office of Industrial Resources by the 
Bureau.” London, B.I.M., 1954. 110 pages. Illustrated. 
Diagrams. (Case Study Data on Productivity and Factory 
Performance). 

JINITED STATES OF AMERICA—Office of Technical 

Services. ‘* Chromium Electroplating: A reprint of an 
original document resulting from Government sponsored 
research.” Washington, the Office, 195-. 160 pages. 
Illustrated. Diagrams. 
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DESIGNING FOR PRODUCTION OF THE FURNITURE INDUSTRY 
(concluded from page 74) 


However ingenious management may be, there still remains one problem that 
must be faced — the effect of continuous change in design on production itself. 
It may suit the machines and the processes, but furniture differs, article from article, 
and new ways have to be learnt. 


In recent years, there has been a notable increase in the use of mechanical 
aids in the manufacture of furniture. This applies particularly to the handling 
of lumber and transporting articles between operations. Fork lift trucks, hopper 
feeds, roller, belt, pallet and slat conveyors are the type of aids most commonly 
used. 


Equipment needs to be so flexible in size and construction and universal in its 
use, as to accommodate all normal changes in design of article. 


This flexibility is limited, but conveyors should be flexible enough to take several 
types of articles and be capable of adaptation to suit changing designs. 


The question of using manufacturing space to the best advantage must be unde: 
constant survey. 


Of necessity, as changing designs bring with them new processes, the pattern of 
production and flow will change. Minor modifications to layout will meet the 
change for a time but eventually a complete review of the whole shops, or even the 
whole factory, becomes necessary. This should take place in the full knowledge 
that after a few years the new layout will again become obsolete and necessitate 
further review. 


Other considerations such as new and improved machines and new methods 
combine to bring about changes in factory layout. These, however, usually affect 
only a few operations at a time, whereas a radical change in design has its impact 
on many operations throughout the plant. 


The importance, therefore, of assessing the eflect of changes in design well in 
advance cannot be over-stressed if continuity of production is to be maintained. 


Thus it will be seen that the manufacturer has the difficult task of meeting 
the consumer demand for variation of design, but at the same time of attaining the 
greatest possible standardisation of parts and components together with flexibility 
in methods of production and equipment. 
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STRENGTH OF ALE 
In Tudor times, the quality of ale was tested by pouring some out 
on a wooden bench. A ‘conner’ wearing leather breeches then sat 
on the bench and if he had difficulty in getting up, owing to the ale 
congealing, it was considered that the brew was of good quality. 


Nowadays standards must be authoritative and 
dependable and are, therefore, derived from the most expert 
opinion available. In some cases the existing procedure 
of a producer is accepted as the best practice 
of the art and is taken as 


a basis for the standard in question. 


Thus British Standard 1004 ( Zinc Alloys 
for Die Casting ) was based on the established 
practice of the Imperial Smelting 
Corporation in the production of MAZAK. 
| u Foremost all 
x Modern Standards 
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1. Machine arranged for turning stub 
shafts. 
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turning and boring attachments 
for turning commutator cone 
rings. 
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Also at LONDON: ’Phone Trafalgar 7224 (3 lines) and GLASGOW: ’Phome Central 3411 
0100 
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The modern 


HYDRAULIC PRESS 


Hi-Ton Hydraulic Presses are made 
in a range with maximum ram pressures 
from 0.7 tons up to 300 tons. The 
machine illustrated is a 150 ton open 
throat drawing press. 

Pressure of all Hi-Ton Presses is 
variable from zero to the maximum of 
the press. No excess pressure need 
therefore be applied to any work, and 
consequently long tool life is assured. 

Hi-Ton Hydraulic Presses are being 
employed for a variety of operations such 
as drawing, straightening, blanking, 
assembling, etc., and are showing to 
advantage in terms of increased output 
and lower manufacturing costs. 

Write today and ask for further 
information, mentioning the type of 
application which interests you. 


Sales & Service for... 
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} : INTERNATIONAL | 
STAND No. 413 | MACHINE TOOL | 
NATIONAL HALL GALLERY | [OX QQY EXHIBITION 1956 | 
| fh + June 22-July 6 


Olympia - London 


DRUMMOND-ASQUITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTO., KING EOWAROD HOUSE, NEW ST., BIRMINGHAM 
*Phone: Midland 3431 (7 Lines) 








Also at LONDON: ‘Phone: Trafalgar 7224 (3 lines) and GLASGOW: ’Phone Centre! 3411 
MII7 
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....+. entirely due to your managements prudent 
and forward policy of plant replacement. 


And thus are dividends earned, and reserves accumulated. 


But the operation of a realistic policy of re-equipment on/y starts with the decision to 
scrap. The best new machines to replace the old must be ordered in good time. 


When the machines in question are as universal in application 
as boring and turning mills, and are among the best of their 
kind, and reasonably priced, they will most certainly be in 
good demand. 


That’s the case with Webster and Bennett Boring Mills. 
Having earned a world-wide reputation for honest-to-goodness 
value and fitness for purpose, demand frequently outstrips 
supply, and unless replacement orders have been placed well 
in advance, re-equipment may be delayed. 


In your own interests, ask us about replacements NOW. 
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This is a Webster and Bennett 
Boring and Turning Mill with a 
36” diameter chuck. Other stan- 
dard sizes available have 48” and 
60” chucks. The largest mill avail- 
able has a 72” chuck and will 
swing 80”. 
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WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 


When replying to advertisements please mention the ‘Journal 
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rinding ... 
on heavy lathes, and large horizontal or vertical boring 
machines is best done by Westool Grinders! ‘The Westool 
range includes models with Slide Rest, Tool-post or 
Planetary mountings to suit most applications. If you 
have any special requirements you will appreciate the individual 
attention which Westool will give your particular problem. 


Send now for Illustrated booklet giving further information. 





ST. HELEN’S AUCKLAND, CO. DURHAM 


Telephone: West Auckland 317 (4 lines) Cables: Solenoid, West Auckland 
Export enquiries to Export Managers: 


Stamm & Partners Ltd., 59 St. Martin’s Lane, London, W.C.2 
Telephone : Temple Bar 5383 (10 lines) Cables : Stamstam, London 


Westorl also make Coils © Coil Winding Machines * A.C. and D.C. Solenoids * Transformers * Small Motors Air Conditioners Warner Brakes & Clutches, et 
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If it is a Bantam you can carry it with one hand, and it will cut 2” thick steel with 
machine accuracy wherever your job may be. This inexpensive hand guided or 
track mounted cutter will do many of the jobs performed by a static cutting 
machine—with the same accuracy and on the site. All the features you need to 


do a first class job are built-in. 


T= P= SG we) (0) Po> @ 25 >i 


British Oxygen Gases Ltd., Industrial Division, Bridgewater House, St. James's, London, $.W.1. 
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| BULKY CONTROL GEAR how 8 get 


feat ———E rid of these 


TIME LOST ON COMPLETE OPERATION 
Beg headaches 


WEAR DUE TO ed on your plant 


a 5 ie a, Simply install Lang Pneumatic Control 


Equipment. It has widely variable appli- 
cation based on standard components to 
all kinds of machinery; it effects precision 
control overcomplex sequence operations; 
it enables the utmost use to be made of 
unskilled labour; and it is constructed of 
non-corrodible parts which give long life 
under heavy, continuous duties. 

Manually controlled production 
machinery inevitably results in rejects 
which reflect human error and inefficient 
times—no matter how good the operator. 

Over 700 leading industrial concerns 
in this country are using Lang Pneumatic 
Control Equipment on a wide variety of 
precision machinery and _ industrial 
functions. 








FY 


é 


\) | 
Ss A COMPLETE VERSATILE SERVICE 
c 


35 stop valves of this type 
were produced under 
Lang control against 10 
under the former manual 
operation. 























LANG PNEUMATIC CONTROL EQUIPMENT entirely non-corrodible 


Yo LANG PNEUMATIC LTD 


~ VICTOR¥Y WORKS BIRMINGHAM ROAD WOLVERHAMPTON Tel: 25221-2:3 
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UNBRAKO SOCKET SCREW COMaro . 
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REDUCTION GEARS 





RADIATION WORM REDUCERS 


Available as Standard, Inverted or Vertical Units. 
From Stock up to 65 H.P. Ratios 5-1 to 60-1 
Larger Units up to 450 H.P. on early delivery 
with ratios up to 100 to |. 


PUBLICATION 152/A 48 
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RITESPEED GEARED MOTORS AND 
REDUCTION GEARS 


Any make and type of motor can be supplied and 
special cartridge construction allows easy change 
of ratios. From Stock up to 20 H.P. Ratios up to 82-1. 


PUBLICATIONS 5329/5330 /48 











DOUBLE HELICAL GEAR UNITS 


A range of high efficiency gears available as single 
or double reduction units in all powers up to 
3250 H.P. Ratios up to 50-1. Cases either Cast or 
Fabricated. 





PUBLICATION 535 /48 


(ENGINEERS) LIMITED. BRADFORD 3. ENGLAND 


PHONE :- 6525! (15 LINES) GRAMS :-“CROFTERS BRADFORD” 
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STRENGTH AT HIGH TEMPERATURE 


SHOCK RESISTANCE 


RESISTANCE 


Qualities for economy 


Somewhere in the grades of these quality bronze alloys you will find 
the properties required for that component you have in mind. 
Bringing greater economy, too, CROTORITE, PARSONS and 
IMMADIUM bronzes are supplied in extruded rolled and forged 
rods, bars, tubés etc., and specially shaped forgings which can save 


you a great deal in machining costs. 


CROTORITE 


railaclmelelcomelilemelL dlaonere- 
available on request 


THE MANGANESE BRONZE & BRASS COMPANY LIMITED 


HANDFORD WORKS HADLEIGH RD. IPSWICH TELEGRAMS BRONZE IPSWICH TELEPHONE IPSWIGH 2127 


When replying to advertisements please mention the Journal 
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Sentinel Electro-mechanical Unit Heads, 
operated as single or multi-station units, or 
as transfer machines, offer a wide range of 
applications for automatic batch production. 
To the production advantages of modern 
methods, Sentinel heads add tool saving, 
increased output, reliability in operation 
and adaptability to changing conditions. 


Further information on request. 


SENTINEL (SHREWSBURY) LTD 


SHREWSBURY 


Telephone: Shrewsbury 201! Grams: Sentnoll Shrewsbury 





A METAL INDUSTRIES GROUP COMPANY 
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ILLING CUTTERS OF ALL TYPES 
TWIST DRILLS 
REAMERS 


“ MITIA”’ CARBIDE CIRCULAR 
SAWS FOR PLASTICS 


BUTT WELDED HIGH SPEED 
STEEL LATHE TOOLS 


GROUND THREAD TAPS 


“MILLENICUT”, “DREAD- 
NOUGHT” & ‘ SUPERFLEX ” 
MILLED TOOTH FILES 


“ SPEEDICUT”’ H.S.S. & ‘ DIE- 
HARD” TUNGSTEN ALLOY 
STEEL HACKSAW BLADES 


END MILLS, ETC. 


REET EAST, 
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BUTTERLEY 


LIMITED-SWING CRANES 








Limited Swing Cranes by The Butterley Company Limited, 
Ripley, handle supplies with speed and precision at the new 
scrapyards of 


SAMUEL FOX & COMPANY LIMITED 


Perfect control at all speeds is ensured by four independent 
hoist ropes. 


The Butterley system of Limited Swing requires the minimum 
of maintenance and provides the maximum of strength and 
reliability. 


my 
<) 


fogsrv hs DX \ 


oF 


THE BUTTERLEY COMPANY LIMITED - RIPLEY - DERBY - ENGLAND 


Telephone: Ripley 41! (9 lines). London Office: 9, UPPER BELGRAVE STREET, S.W.|! Telephone: Sloane 8172/3 
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The Sarder-Grinder 
fitted with 

Kooliflex hacking pad 
for use with 


7” and 9” Sanding Discs. 


The B & D Heavy Duty SANDER-GRINDER 
embodies THREE BIG DEVELOPMEN TS 





Firstly its motor is 90°% more powerfult—yet the tool weighs 
less. Secondly there are three models, giving a choice of 
spindle speeds* to suit the type of work. Thirdly the two high- 
speed models have been designed to take the new Depressed 
Centre Cut-off Wheels which supersede the grinding wheel 
for a number of jobs. Thus the new B & D SANDER- 
GRINDER tops all others of its kind for lightness, power and 
purposeful design . . . for sanding, wire brushing, grinding 


and the new ‘cut-off’ technique. Write for details. 


* Spindle speeds available; 4,200, 5,200 and 6,000. 





BLACK & DECKER LIMITED 


HARMONDSWORTH 





The Sander-Grinder is adaptable for use with 7" 
and 9” Depressed Centre Cut-off Wheels and can 
also be fitted with Saucer Grinding Wheels, Cup 
Wire Brushes and Planer Heads, 


Block & Decker 


PORTABLE ELECTRIC TOOLS 


MIDDLESEX 





When replying to advertisements please mention the Journal 
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THE MAINSTAY oF THe 
in MACHINE SHO? 


Express Lift Co. Led. 

(by whose courtesy 

our photographs are 

reproduced) the two 

machines illustrated 

here are typical of Lang 

products. Right: LANG 
> 16 in. swing Centre Lathe. 
Below: LANG 20 in. swing * 
Surfacing and Boring Lathe. 













SURFACING 4 RING Lang Lathes are built in the following ranges: 


Centre Lathes 12 in. to 36 in. swing with 


Plain or Gap Bed of varying 
lengths. 
Surfacing & 20 in. to 48 in. swing with 
o Boring Lathes Plain or Gap Bed. 


Junior Lathes 13 in. and 17 in. swing Centre 
Lathes and Surfacing and 
Boring Lathes. 


"JOHN &SONSLTD. = 


JOHNSTONE RENFREWSHIRE SCOTLAND NG 
Phone JOHNSTONE 400 














" 
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Jot Maximum Fleduction 
Pg N° 2C CAPSTAN : 


LATHE 


SCREWED BUSH 








Fitted with “Lang’’ KL.155 









































Floor to Floor Time: 1 minute 35 seconds AlreOperated 3-Jaw Chuck 
Tee) ® oe | oe Gun Metal Casting 
‘oo! Position n urface | ee 
DESCRIPTION OF OPERATION | | Speed Speed Cus Tungsten Carbide Cutting 
| Hex.Turret | Cross-slide | &.P.M Ft. per Min.) per inch Tools 
Chuck at X (using Loading Adapter) — - - 1 A —— 
Rough FaceEndA- - - - - | = Front 2041 | 1000 Hand WMI — |. 
Rough Bore J” and 13” dias. and Knee Turn | ! ose — nt 2 ow 
19” and 2” dias.- —- - : - " 2 - 1020 534 216 kK 4 pea 
Finish Bore %” and 1” dias. - - - : 3 2041 735 216 | ae See | ¥ 
Chamfer Bores and Break Corners - - - 4 = 2041 1070 Hand TF; i Aca. 
Ream 3” dia. cow ee Ss a oe 321 75 | Hand A 1 
Finish Face End Aand Undercut’ - - - Rear 2041 1070 Hand = s . ae 
Remove (using Unloading Adapter) - + 6 ~ . 4 2 A 











The standard No. 2C Capstan Lathe has a bar capacity of 1jin. with a swing over the bed covers of 13jin. 
Many new features are incorporated including inbuilt electrical equipment, twelve spindle speeds, both 


forward and reverse, raised centres giving an increased swing, large capacity swarf tray, bed protected 
by stainless steel covers, etc. 


OUR COMPLETE RANGE INCLUDES CAPSTAN AND 
TURRET LATHES WITH CAPACITIES UP TO 35 in. SWING 
OVER BED AND 8iin. DIAM. HOLE THROUGH SPINDLE. Full details on request 


H.W.WARD &CO.LTD 


SELLY OAK j;--) BIRMINGHAM 29 


TELEPHONE % Mf SELLY OAK 113! 





we605 


When reblving to advertisements please mention the Journal 
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Churchill 


The CHURCHILL Model ‘BW’ 10” 
swing Plain Grinding Machine has a reputa- 
tion for accuracy and high output. The 
machine shown here is equipped with twin 
grinding wheels for grinding two diameters 
simultaneously. The wheel forming device 
is mounted permanently on the back of the 
wheelhead and enables the wheels to be 
trued in correct relationship to the finished 
work diameters. 


The * BW* Machine can be supplied as 
a non-automatic or fully automatic Plain 
Grinder. 
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Export Sales Organisation 


Home Selling Agents 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, nr. MANCHESTER 


Associated British Machine Tool Makers Ltd.. 
London, Branches and Agents 


Charles Churchill & Co 


Ltd.. Birmingham and 
Branches 
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ep EDGAR ALLEN & CO.LTD. | 
i | Sheffield 9 


—— EDGAR ALLEN & CO-LIMITED 


Firm , 
| - 
| 


Write for booklet using the request form. 


Address 


IMPERIAL STEEL WORKS - SHEFFIELD 9 


IPE. 
L a etintttiiiaane PHONE SHEFFIELD 41054 GRAMS : ALLEN SHEFFIELD 9 
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Ww 7 SYKES LTD STAINES - MIDDLESEX - ENGLAND 
’ ® @ ~~ Phone: STAINES 4281 (6 lines). Grams: ‘SYKUTTER, STAINES’. 


CANADA: Sykes Tool Corporation Ltd. 123-131, York St. Toronto. AUSTRALIA: W. £. Sykes Ltd., 8. Ricketty St. Mascot, Sydney, N.S. W. 


STAND 62 INTERNATIONAL MACHINE TOOL EXHIBITION 1956 June 22 —July 6 Olympia * London 
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For high-speed bar work or chuck work— 


HERBERT 21 CAPSTAN 
LATHE 


t —~ AEST gy 
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Tooling on a Herbert No. 2D Capstan Lathe, with air-operated dead-length 
bar chuck for machining, from 35-tons tensile steel bar, the component 
shown, in 8 minutes—two operations. 


Ideal for batch work requiring frequent changes of set-up. 
Sixteen speeds in two ranges of eight. Any speed, forward or 


reverse, in the range in use, is obtained instantly without 


SUM es _*» stopping the spindle. Start, stop and reverse by switch lever. 
Draw-in chuck admits oe Bed-ways and other sliding surfaces hardened by Flamard 
ene .. process which practically eliminates wear. Chiprupter 
Working stroke of capstan ... 6” 

Spindle flange to capstan, max. 183” enables long turnings to be broken into safe, short lengths. 
Can also be supplied with long bed Hand traversing saddle. Plain or Duo-rate cross-slide. 


giving 9” capstan stroke and 263” from 
spindle flange to capstan. Auto- 


traversing saddle is fitted. CATALOGUE ON REQUEST 


ALFRED HERBERT LTD - COVENTRY 


When replying to advertisements please mention the Journal 
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In the production line, 

this A.E.|. type 

Radial is drilling and tapping 

2” B.S.F. and |” B.S.P. 

holes in a Crawler Tractor 

gear box. 

Three way baseplate set-up ; 
uses machine to 


its maximum capacity. 





at Marshall Sons and Co ltd =| 


GAINSBOROUGH—LINCS 


In the toolroom, an ' 
A.E.|. type Radial is used 
fer accurate work, 

in this case drilling a 

jog plate, the holes having 
been plotted 

previously on a jig-boring 


machine. 








ESTABLISHED - 1903 


* ERED! TOWN & SONS LTD 


HALIFAX - YORKS G 
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You pick up a G.K.N. Sems Fastener Unit without fumbling, because the two standard 
types are made with screw and lockwasher im one. You drive it home in a moment. You 
unscrew it, if need be, without trouble. But try shaking it loose... that’s not so easy. 


If it’s a matter of how to fasten one thing to another .. . 





GUEST KEEN AND NETTLEFOLDS (MIDLANDS) LIMITED. SCREW DIVISION : BOX 24, HEATH STREET, BIRMINGHAM 18 
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There are bars and bars, bus the best 
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Kirkstall Bright Steel Bars 


Kirkstall Forge 


Engineering Limited 


LEEDS 5, YORKSHIRE - TELEPHONE: HORSFORTH 2821 
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Universal Broach Sharpeners, 
Capacity between centres ; 60 
72, 80 inches, also, Surface 
Broach Sharpener, working 
table 36 Inches, 


Gome to 


APOINT 


for better broactime 





‘efit 


THE LAPOINTE MALHINE TOOL CO, LID 


CSTTERSPOOL BATVOVD-HY -VAee WATKOKD HEMT 


TEL: GADEBROOK B11 (46 bemee) OHITISW we 
CABLES: LAVPOINTE BSATIORD 


Rew The Laponte Uaehine Tool Compeny Uudeon Nore 
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NEVEN 





TOOLS 











et nee 


LE SLOT 





CERAMICS, TUNGSTEN CARBIDE, GLASS, QUARTZ, STONE, GRANITE 


MINERALS, SLATE, SHELL, REFRACTORIES AND ALL HARD METALS 


IMPREGNATED DIAMOND PRODUCTS LTD:-GLOUCESTER 





Telephone 21164 -Telegrams-Impreg-Gloucester. 
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For more than 80 years the name of BROADBENT has 
been synonymous with high quality centre lathes. 

The accumulated knowledge and experience of lathe 
manufacture gained during that time is reflected in the 
design and performance of present-day machines. 


In addition to standard Centre Lathes from 84” to 24’ 
height of centres, we also specialise in Surfacing and Boring 
Lathes, Break Lathes, Heavy Duty Horizontal Plano-Milling 
Machines and Vertical Boring and Turning Mills. 


Please write for descriptive literature illustrating the full 
range of Broadbent Machines. 


(A) HENRY BROADBENT LIMITED 





When replying to advertisements please mention the Journal 
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DUCKH AM’S DUCKHAM’S L.B. 10 GREASE 
A single grade for all applications. For high 
d low sratures, wet and dry con- 
Can SO ve a temperatures, wet and dry con 
your lubrication DUCKHAM’S TRANSCUT 50 | 






Soluble cutting oil with no rusting even at 
§0 to 1 dilution. 


problem 


“Uy 


DUCKHAM’S D.F.3 
DEWATERING PRESERVATIVE 


Alexander Duckham & Company Ltd., 


produce a complete range of 





quality lubricants. Three grades Dewaters and then protects with a drying 


of outstanding merit which out lacquer-like anti-corrosion coating. 
reflect modern development are 


here brought to your notice. 
Our technical advisory staff are at your service to 


<p remer 


give advice and guidance on the correct selection 
and efficient use of all products. 


A booklet entitled “Guide to Industrial Lubrica- 
tion”’ is available. Please write to CMI, Alexander 
Duckham & Company Ltd., Hammersmith, 
London, W.6. j 


Duckham’s manufacture a complete range of oils and 
greases for all purposes, including :—Compressor Oils . 
Cutting Oils . Diesel Engine Oils . Commercial 
Vehicle Oils . Gear Oils . Refrigerator Oiis . Steam 
Turbine Oils . Tractor Oils . Rust Preventives . Press 
Compounds . Wire Drawing Lubricants, ete. 








NOL MOTOR OILS 
premjer grade engine and transmission oils provid- 
ing lubrication at its best. Officially recommended 
by Austin, Morris, M.G., Riley, Rover, Standard, 
Triumph and Wolseley and approved by Ford. 


(A.S.C.) ANTISEPTIC SKIN-CLEANSER 
—a speedy, effective cleanser of 
greasy, grimy hands. A.S.C. is easy & 
to use and leaves the skin thoroughly = 
clean and hands soft, smooth and 
germ-free. 


MOTOR OILS 
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Precision made throughout 





Hoover F.H.P. Motors have won universal recognition 
in industry for power, precision and performance. 
Built around one basic design, incorporating all the 
latest engineering developments, this compact Hoover 
* fractional ” is quict, free from vibration and has an 
exceptionally effective cooling system. 

Competitive in price, all Hoover F.H.P. Motors are 


backed by the unique Hoover service plan. For full 


HOOVER LIMITED 


industrial Products Department 
CAMBUSLANG - LANARKSHIRE - SCOTLAND 


When replying to advertisements please mention the Journal 


technical information please write to: 
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NOZZLES 










outlast them all 





Seeing is believing ! 
The photographs below 

show the results of a comparative 
test made between a Tungsten Carbide Nozzle = i 
and a Carbon Tetra 


Boride Nozzle 





The j,” bore Tungsten 
used with carborundum Carbide Nozzle was 


worn to this condition 


shot at an air pressure of in rwo weeks. 


75-100 lbs per sq. inch. 








The },” bore Carbon 
Tetra Boride Nozzle 
with tapered lead-in was 
worn to this condition 
in eight weeks. 








Glostics Ltd 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 


TUFFLEY CRESCENT - GLOUCESTER 
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INSIDE INDICATOR GAUGE 


\ Measurement range from .156' to 24' 

' with readings to .0001' 

; The above range is covered by 7 instruments available in long-type for deep 
: holes and short-type for shallow bores. 

' 

i 


i CEJ PRODUCTS 
Ground Thread Taps Micro Snap Gauges Extensometers 
Screw Plug Gauges Surface Finish Plain and Screw Snap 
Screw Ring Gauges Indicators Gauges 
Circular Chasers and Micrometers Plain Ring Gauges 
Holders Bore Gauges Gronkvist Drill 
Round Dies Deltameters (Auto- Chucks 
Thread Milling Hobs matic Sizers) Metron Dial Gauges 
Thread Rolling Dies Drill Chucks lapping Attachments 
Plain Plug Gauges Gauge Blocks Multiple Interference 
j Mikrokators Dynamometers Microscopes 





A.1.D. AND A.P.1. APPROVED 
SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/35 
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SCHARMANN Precision 
HORIZONTAL BORING MACHINES 


Extremely rigid design with double column guides. 
Infinitely variable speeds and feeds within wide limits. 
Rapid power traverse in all directions. 

Full remote control. 


Multi ways for saddle. 


Optical measuring device ensures setting to .0005’. 


Model FB made in range of sizes :— 
3”, 33” and 4” diameter boring spindles. 


SOLE DISTRIBUTORS In addition to Table Models, a range of Floor Type 


Travelling Column Machines is manufactured. 


Other models available up to 5” diameter spindles. 
CHARLES 


CHURCHILL 


& CO. LTD. 


COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM 


Also at LONDON. MANCHESTER, GLASGOW and NEWCASTLE -ON-TYNE 
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KINGPOWER 
means more 
profitable manpower 








Reduce your handling costs. Lift and shift, 
quickly, safely, economically with KING Electric 
Pulley Blocks. Models to lift from 100 Ibs. to 
10 tons. Every model is tested to a 25°% overload. 
Hook or trolley suspension. 





22 YEARS OF RESEARCH AND DEVELOPMENT 
Since 1934 KINGS have maintained... 

* A Research, Development and Demonstration Depart- 
ment. It has been responsible for many outstanding 
developments in materials handling technique. 

* An Advisory Service which will help you to plan your 
factory and make the best use of mechanical handling 
equipment. 











WRITE FOR ILLUSTRATED BOOKLET P.B.18 





CONVEYORS - CRANES 
PULLEY BLOCKS 


Covered by British and Foreign Patents REGISTERED TRADE MARK 








Geo. W. King Limited, Argyle Works, Stevenage, Herts. Telephone: Stevenage 440 


When replying to advertisements please mention the Journal 
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The Latest Development in 
ater Coolers 
























































construction. 


HEENAN-MARLEY AQUATOWERS 
ar 


HEENAN & FROUDE LTD - WORCESTER - ENGLAND 
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EXCEPTIONAL ACCURACY 
HIGH DEGREE OF FINISH 


INFINITELY VARIABLE 
SPINDLE SPEED 
AND TRAVELS 





+ % 






Design Features include: 


All scales and dials clearly marked and 
equipped with optical microscopes for 
extremely fine settings. 


Slide-ways hydraulically actuated. 


Optical Precision Circular Dividing Table 
available, reading in seconds of a degree. 


Facing and milling operations also handled. 


Boring feeds from table slide if necessary, 


The machines illustrated are installed at the Works thus avoiding spindle deflection. 


of Bryce Berger Ltd., Staines, engaged upon the 
high precision production boring of intricate 
castings and forgings used for high priority work. Send for detailed catalogue 





SOLE U.K. DISTRIBUTORS 










DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone: WESTERN 8077 (8 lines) Telegrams : ACCURATOOL HAMMER LONDON 
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JIGS - FIXTURES & GAUGES 


PRESS TOOLS - MOULDS AND 
SPEGIAL PURPOSE MACHINES 


Our commitments are heavy but we welcome an 
Opportunity to study your requirements for 
inclusion in our production programme where 


possible. ( 


Up-to-date shops specially laid out and equipped ¢ 
for making, on a production basis, every type of 
precision ground gauges; limit snap, form, calliper, 

taper and special purpose gauge, as well as jigs and 
fixtures of all kinds, press tools moulds and special 
purpose machines. Highest class workmanship | i 
and accuracy guaranteed. i: 
































(Guaranteed 
Precision 
Accuracy 




































































LIMITED 


HARPER ROAD : WYTHENSHAWE ; MANCHESTER 


Phons- WYTHENSHAWE 2215 Grams: PNEUTOOLS, PHONE 














Serving agriculture and industry 
throughout the world, Allis- Chalmers 
products bear the hall-mark of quality 
and reliability. 

For economic and accurate internal, 
external, face and taper grinding. of 
component parts of their Roto-Baler, 
Allis-Chalmers Great’ Britain Ltd. 
employ a Keighley “K.U.” Universal 
Ta aelae 


















? 


ROTO-BALER is an 
Allis-Chalmers Trade Mark 


MACHINE TOOLS 


KEIGHLEY “KU” 
Ty ae LU 


SIZE Wath iels 
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STANDARD 2”'x 24” to 12” x 60’ 





MEDIUM HEAVY | 16” x 24” to 16” x 60 





18” x 24” to 18” x 96” 
24” x 24” to 24” x 96’ 


STAJGOW 7 


HEAVY DUTY 




















A product of KEIGHLEY GRINDERS (Machine Tools) 
LTD — KEIGHLEY YORKS 





please address enquiries to:— 


NEWALL GROU WS SS ee 
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The leading manufacturers of spark machining equipment 
in the world, have pleasure in announcing their latest 


SPARCATRON Mk. II Model 


With double head. 


This addition to the Sparcatron range of machines for 
spark machining has been produced as the result of 
requests for an equipment for use with large section 
electrodes to be operated to very close limits, and can 
be supplied with two heads as illustrated, or with a 
single head. 


The twin head model can be easily worked by one 
operator, and the heads operated separately, so that 
production per man hour is doubled. 


A further two or more heads may be used in conjunc- 
tion with the main control unit in some circumstances. 


Manufactured by: 


IMPREGNATED DIAMOND PRODUCTS LTD., GLOUCESTER, ENGLAND 


ELEPHONE 21164 (3 LINES) TELEGRAMS IMPREG GLOUCESTER 








For 
production of 
all types of 
dies and 
form tools. 
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the Motor Industry 

has proved 

the efficiency 

and long life of 
Concentric Components. 


WATER PUMPS 
STEERING IDLERS 


GEAR CHANGE 
MECHANISMS 


BRAKE DRUMS 
PUSH RODS 
BALL PINS 


MACHINED 
COMPONENTS OF 
ALL KINDS 


AND SPECIAL PARTS 


Manufactured in a modern factory 


specially designed and equipped 


to produce a better job 


at lower cost. 


CONCENTRIC 
TYBURN ROAD, 


Telephone: 
EASt 2081-2-3-4-5 
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MANUFACTURING 
BIRMINGHAM, 24 


Telegrams: 
“Accelerate” Phone Birmingham. 


co. 








LTD. 





Remington 
perfection 


relies on... 


— —— 


Industry’ s 


biggest names use... 
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S N (0) W & CO. LTD. Machine Tool Makers STANLEY ST. SHEFFIELD 3 


LONDON 358 Victoria Street, S.W.1. 





BIRMINGHAM Daimler House, Paradise Street 
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another BARBER-COLMAN development 













THE 
TAPER CORE 
SPLINE 


Involute or straight-sided TAPER 
CORE keys for 


@ Greater strength. 
@ Metal-to-Metal contact. 
@ Accurate location of Mating parts. 


@ Greatest security under reciprocat- 


ing stresses. 
@ Provides greater area of key contact. 


@ Saves time and work in assembling 


a product. 


B-C MODEL 16-11 HOBBING MACHINE 
Although designed primarily for hobbing taper 
splines on shafts, this machine may also be used 
for general purpose hobbing. 


@ Eliminates chance key failure. 


@ Mating parts produced simply by 


It is the ideal machine for the manufacturer who broaching a tapered reamed hole. 


desires to improve his product by applying taper 
splines, eliminating the necessity of buying a 
special machine which could otherwise not be 
used for general work. 


BARBER & COLMAN LTD. MARSLAND ROAD, BROOKLANDS, MANCHESTER 
Telephone: SALE 2277 (3 lines) Telegrams: “BARCOL”, SALE 


When replying to advertisements please mention the Journal 
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16SV5 Surfacing and Boring 
Lathe, complete with Hydrau- 
lic copy forming attachment. 


Write for full lists. 


CRO. SWIPT & SONS 


LIMITED 


CLAREMONT WORKS - HALIFAX - ENG. 
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INDUSTRIAL CLEANING MACHINES 


can be designed to meet your 


HERE ARE THREE particular cleaning problems 





EXAMPLES 








small parts in baskets. 





This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 











Whilst offering a very wide variety of standard cleaning 
equipment, it is BRATBY policy, wherever possible to 
design the machine to meet the particular cleaning 
problem. Careful study of each individual problem 


Designed and Manufuctured by: 


ensures maximum efficiency and economy of the plant 
in operation. The illustrations show but a few of the 
specific types of Cleaning Machincs designed by 
BRATBY for individual needs. 


BRATBY & HINCHLIFFE LTD. SANDFORD ST - ANCOATS - MANCHESTER 4 
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MAKE YOUR FUEL GO FURTHER 





For immediate action 


The National Industrial Fuel Efficiency Service, 2. CHECK the maintenance of boilers, trans- 
the independent organisation set up to advise mission lines and all process plant. 
industry, is ready to help. N‘I-F°E’S has 
already advised over 8,000 firms on their heat 
and power problems. 


From this experience N-I-F’E’S recommends 3, CHECK that your boiler operators are 


N:I:F-E-S will help you under a Regular Service 
Agreement. 


0 
1. CHECK your space heating system. 10% you can save. 
Half industry's winter fuel consumption goes N‘I-F-E-S provides a special scheme of on-site 
on this. training. 


For further particulars write to:— 


Yt: P-E-S 


National Industrial Fuel Efficiency Service 


Head Office: 71 Grosvenor Street London W1 

















The most practical plant 


for Cleaning METAL PARTS 


PRIOR TO- ASSEMBLY, and BEFORE and AFTER REPAIRS 
















A ‘Junior’ type machine supplied to a Midlands 
Motor Car Works. 


Dawson 


DE - GREASING 
MACHINES’ - 





A Rotary Drum machine for removing swarf and 
grease from small components. 


Supplied for the washing and drying of Tractor A model ‘A’ machine, washing parts of motor 
parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly. 

Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 
industry. Their chief characteristics are robustness of design, small number of working 
parts and simplicity of operation. Space only permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 


Sole Distributors 
DRUMMOND - ASQUITH (Sales) LTD., King Edward House, New St., Birmingham 
Telephone—Midland 3431 


Manufacturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane South, Wood- 
Tel.—Cleckheaton 1080 (5 lines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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VERTICAL MILLING MACHINE 


with combined sliding and swivelling head... 


This massive, powerful and versatile machine, with its sliding and swivel- 
ling head, makes light of heavy duty die and tool work at the Enfield 
Cycle Co., Ltd., Redditch. Table has reversible automatic feeds and quick- 
power traverse in all three directions. Speeds and feeds changed from 
front of machine. Direct reading dials. Twelve sp eds from 29/520 
r.p.m., or alternatively 36/638 r.p.m. Twelve feds, fin. to 20in. per 
minute. Quick and fi \e hand adjustment to spindle, which swivels through 
90°. Table working surface 53in. x I44in. 


JAMES ARCHDALE & CO. LTD. BIRMINGHAM, 16 
SOLE SELLING AGENTS: ALFRED HERBERT LTD., COVENTRY 


When replying to advertisements please mention the Journal 
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Three Centuries of Sheffield Steel 


Here is a selection from the wide range of 
MARSH CYC High Speed and MARSH 
Carbon Steel Engineers’ Tools. These tools, 
with MARSH Steels and Wire, are used by 
Government Departments and firms with 
household names, at home and abroad. 
We are a family firm, founded in 1631, and 
have a proud tradition of personal service 
to our customers the world over. MAY 


WE HELP YOU ? 


The Institution of Production Engineers Journal 



















NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds 


10Y 
write 


LONDON AREA OFFICE: 


for illustrated 


5 
STEELHOUSE WORKS - OLIVER STREET - BIRMINGHAM 7} 
\. “Ve ephone Aste crass 300, fas we “Oe hegrams Cogs Birmingham = a ae 





A. J. Percy, 240, Romford Road, 
Forest Gate, London, E.7. 
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In front 








in perfect safety! 


SAFETY FIRST—MEANS SAFETY ALWAYS ... CAPACITY INDICATOR . . . Another exclusive 
““Mechanised Muscle” trucks are designed to ‘“Mechanised Muscle”’ safety feature fitted to 
stop accidents before they happen. Compare fixed mast fork trucks. The operator can see at 
the exclusive features of Lansing Bagnall trucks a glance before lifting that the load is within the 
against any others and you'll realise why truck’s capacity. 


““Mechanised Muscle” are the safest trucks. 
REGENERATIVE BRAKING ... The safest system 
protected by patents and exclusive to all Lansing 


Bagnall battery electric trucks. Without using PROTECTION FOR MACHINE... All Lansing 
the mechanical brake, the speed is under positive Bagnall trucks and tractors have tough steel 


control down all gradients. plate up to 4” thick, bodies of welded construc- 


JERK-FREE TRAVEL... Smooth getaway and jerk- 
free stopping is equally important to safety. 


DEAD MAN’S BRAKE... From the moment the tion affording complete protection to the unit. 
operator's hands leave a ‘Mechanised Muscle” Automatic cut-out switches off power supply 
truck it stops dead. The brake is automatically when batteries have had sufficient charge from 
applied and the driving power cut off. A foot the built-in charger. A further cut-out pre- 
pedal on stand-on models acts as the dead man vents batteries being discharged below their 
control too. safe level. 


Write to our Engineers’ Sales Department for our new free Compendium of ‘Mechanised Muscle” 





The Reach Truck: Operates 
with 40” x 40” pallets in aisles 
of only 5S’ 6” wide with excep- 
tional manceuvrability, weighs 
only 3,700 |b., with a capacity 
of 2,500 Ib. lifting to 10° high. 


Lansing Bagnall ox: <:11:0%: 0: “MECHANISED MUSCLE” 


Widest range in Europe for Shifting, Stacking and Storing 
LANSING BAGNALL LTD - BASINGSTOKE - HANTS - Tel: Basingstoke 1010 


When replying to advertisements please mention the Journal 
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Think hard-think EOIBRAC/ 


TOOL UP WITH EDIBRAC FOR HIGHER 
PRODUCTIVITY—BETTER WORK — 
LONGER TOOL LIFE! 








a, 
STRAIGHT — 
RECESSING TOOL 
ze 
There is a grade of EDIBRAC 
to cover every machining 
operation, and our _ technical 
staff is always ready to assist with 
your problems. EDIBRAC is 
acknowledged in industry as a 
consistently high quality Carbide 


— let EDIBRAC prove its worth 
ROUND NOSE 











TURNING TOOL 





For details of our full range send today for a copy of 
the EDIBRAC Catalogue, which also gives information 
on the use and maintenance of Centurion Tools. 


CENTURION TOOLS TIPPED WITH 








Illustrated are a few of the many types of 
STANDARD Centurion Tools tipped with 
EDIBRAC — all manufactured throughout 
in our Works, giving to the customer an 
obvious saving in cost and guarantee of 
consistent quality. 


E& DIB RAG 


MADE ENTIRELY BY 
EDIBRAC LIMITED, CENTURION WORKS, 


BROADHEATH, Nr. MANCHESTER 


dm EC 13 





for electric 
motors, electronic 
equipment, motor 
cars and even 
steam rollers .. . 
for any and 
every application 
involving 
wire-woven and 
perforated 
materials. 

Write for our 


new catalogue 
Ref. JPE 56. 
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Just as we regret the decline of the horse in rural life, 

so we welcome the introduction of the “‘little horses” 
to industry. The contribution they are making 

to increased productivity needs no repetition here. 
As the demand for Desoutter tools increases 

so does the demand for our castings which are 
widely used in their design. But increased 

orders from existing customers — satisfying 


as they are to receive — have brought us \ 
new problems. As the demand for quality \ 
die castings has risen it has been a 
matter of regret that for some time we \ 
have been unable to accept orders \ 


from new customers. In order to meet \ 
these demands we have undertaken 
a major development programme. \ 
The installation of a consider- | 
able amount of plant is now 
complete, enabling us once | 
again to turn our attention to | 
enquiries from new customers. | 
| 





AMPTON DIE CASTING 


AFFILIATED WITH 





en, il 


— ae oe OO 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 
GRAISELEY HILL WORKS - WOLVERHAMPTON - TELEPHONE 23831/6 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method 
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A new HIGH SPEED 
milling technique for 






This Router head provides spindle speeds 
of 9,000, 12,000 or 18,000 r.p.m. Alter- 
native heads provide speed ranges of 
1,000 to 6,000 or 625 to 4,000 r.p.m, 


High speed milling as 
developed by Wadkin 
in this new range of 
machines has shown 
revolutionary production 
economies. With one basic machine of plain, robust and inexpensive design 
there are three alternative head arrangements each offering cutting speeds far 
higher than orthodox millers, permitting feeds as high as 84 ins. per minute. 
If you are milling or profiling non-ferrous castings, forgings, plates or sheets it will 
pay you to see the amazing rate of metal removed and finish obtained on this 
machine. May we arrange a demonstration preferably on your own components ? 
Wadkin Ltd., Green Lane Works, Leicester. London Office : 62-64 Brook Street, W.1. 
Telephone: Leicester 62114 





Telephone: MAY fair 7048-9 





Specialists in machines for non-ferrous metals 
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Sets a new standard of precision output, 
fast production, simplicity of operation, | MOTOR 
smooth vibrationless performance at high 


SPEEDS 
speeds, robust construction and access- | 2|-945 





ible disposition of controls. r.p.m. 
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These booklets show that W & M designers have produced in the 
WM 85 & 70 Junior ideal lathes for production and general 
Copies of these booklets will be forwarded 


free on request 


(PROPRIETORS: 


WAKEFIELD ROAD 








machine shop service. 


wMBS PHONE: BRIGHOUSE 627 (3 lines) 











WOODHOUSE €- MITCHELL 


YORKS 


BRIGHOUSE’ 
WM. 14 


THOS 


When replying to advertisements please mention the 


MMU WMI Uddldilllldddddddlpy, 


[85 CENTRE LATHE 


A heavy duty lathe suitable 
for use with the modern 
carbide sg tools 





BRIGHOUSE 


GRAMS ‘WOODHOUSE, 
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and Collective 


Individuals on tour in the factory and wanted in a hurry 
are quickly found by Rediffusion Staff Location systems. 
Policy announcements and other encouragements, broad- 
cast by a familiar voice, possess the personal touch that 
makes happy staff relationships. 

Enquire how Rediffusion can save time and help to solve 
labour and production problems in your factory. This 
entails no obligation, just as its installation entails no 


capital outlay. 


Staff Control through 


REDIFFUSION 


STAFF ANNOUNCEMENTS MUSIC WHILE YOU WORK 
STAFF LOCATION TIME SIGNALS 


STRATTON HOUSE, PICCADILLY, LONDON, W.1 
Telephone: MAYfair 8886 


One of the Broadcast Relay Service group of companies 
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Magnetic Holder . . ” 


* Saving hours of useless jigging time and 
providing by a simple turn of a handle a 
second pair of hands for every plumber and 
welder. Suitable for use in connection with 

all classes of welding, and designed by 
the makers of the world-famous 
“Eclipse ” permanent magnet chuck, 
this tool pays for itself many times 
over. Ask for full details and illus- 
trations of its uses in toolrooms and 
welding shops in Publication 
P.M.118/53. 
Supplies through appointed 


“Eclipse” Distributors 





Magnetic devices designed 
to accelerate production 


JAMES NEILL & CO. (SHEFFIELD) LTD., ENGLAND. 





PMs 
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Photograph by courtesy of Messrs. H. J. Heinz Co. Ltd. 


..» VETERAN’S FINE RECORD 
FOR H. J. HEINZ CO. LTD. 


*“ BROOMWADE ” air compressors have earned a great reputation 
for giving long and reliable service. Year in, year out, they keep going 
with the minimum of attention, working unobtrusively yet effectively. 
A typical example is one of the three ** BROOMWADE ” compressors 


illustrated. Operated by the Heinz Company, it is still working 
efficiently after many years of faithful service. 


No wonder so many world-famous manufacturers invest in 
** BROOMWADE ” — they know that their most vital processes are 
in safe hands. 


“BROOMWADE 








Speeds industry everywhere 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND. 


Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe 


; = 3/1 SAS 
When replying to advertisements please mention the Journal 
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Over and over again a few minutes 
work with a Heli-Coil Kit will save 
costly work from scrap. No shop 
can achieve maximum output 
unless Heli-Coil is part of its 
equipment. The technique is rapid, 
simple and highly efficient. 

REDUCE YOUR REJECT LIST TCDAY .. 





SHELI-COIL 


SCREW THREAD INSERT KIT 


* REGD. TRADE MARK 


CONTACT YOUR NEAREST STOCKIST TODAY 


FYFE & McGROUTHER LTD., GLASGOW C.4 

WHITE MILNE & CO., DUNDEE 

HENRY OSBORN LTD., NEWCASTLE ON TYNE 
THOS. SMITH & CO., HALIFAX 

ALEXANDER KENYON & CO. LTD., MANCHESTER 3 
G. F. BRIDGES LTD., BIRMINGHAM 4 

WOODBERRY, CHILLCOTT & CO. LTD., BRISTOL 
MODERN TOOL & EQUIPMENT CO. LTD., BELFAST 


ARMSTRONG PATENTS - CO - LTD - BEVERLEY - YORKSHIRE 
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Soluble and ees 


Sternol 


Straight cutting oils can be 


used on any metal, whether 


CUTTING 


Ne OILS 


of a ferrous or non-ferrous 
character. Being Sternol in 
quality, they prove most 


economical in the long run. 


* Free booklet $$638 lists the oil for 


each operation. 


STERNOL LTD., ROYAL LONDON HOUSE, FINSBURY SQUARE, LONDON E.C.2 
Telephone : MONarch 3871-5 
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_ Give you three guesses 


THIS 1S:— 


(A) Part of a vacuum cleaner (B) Acoffeepercolator (C) An artificial satellite 








: 
‘ The correct answer is B. This picture at least shows plainly one of the great advantages to be gained by 
Crompton Parkinson Stud Welding. The coffee percolator is an example of 
re-designing with stud welding specifically in view. The three brass bosses which secure the 
electrical mechanism to the percolator are cleanly welded on to the base and there is no perforation of the 


metal or risk of subsequent leakage. In many branches of light and heavy industry 
Crompton Parkinson Stud Welding is helping to speed production and improve design. Let us give you 


a demonstration on your own premises and show you how simple and inexpensive it is. 


| THE STUD WELDING ORGANISATION 


_ 








J e 
ace ea (rompton Parkinson 1-3 Brixton Road, London, S.W.9. Telephone : Reliance 7676 
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Specialists in Organic Finishes Division 


Rust Preventive 


Oils & Coatings C rod 


based on Lanolin 


Croda House, Snaith, Goole, Yorks. 


Goole 
Londen 
New York 
Milan 
Manchester 
Bradford 


Tel : Snaith 277 





eliminate 
trailing troubles 


Long, trailing leads are a constant source 

of danger and trouble. The EMS Trolley Duct Feed Rail 
enables the actual power supply to move with the machine 
on portable tool installations, conveyor systems, 

movable pendant lights and all similar electrical equipment. 

The system can be extended or modified at will, ensuring 
maximum flexibility, and is suitable for any 

250 volt AC or DC supply. 


TROLLEY DUCT 
FEED RAIL 
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Group of punches 
mounted in punch-holder 
with CERROMATRIX. 





Section through 
punch-holder assembly 
showing simple ‘anchorages’ 
between CERROMATRIX 

and holder-ring, and 
CERROMATRIX and punches. 


Te 
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LOW-TEMPERATURE MELTING EXPANDING 


~—CERROMATRIX a..0v 


Cerromatrix is simple to use. It eliminates the need for complicated hold- 
ing devices. It allows fast and accurate location of blanking, piercing and 
trimming punches without machining non-working surfaces. Time- 
savings range from a few hours to weeks depending on the complexity 
of the required die ; and tools made in this manner are still in use after 
blanking over a million pieces! 


When replying to advertisements please mention the Journal 


30; : 
SAVE SJ / TOOLMAKERS COSTS / 





~ [35 uns cuz [Sune 


By orthodox methods, it took | 
hours to turn and mill the pui 
holder, and fit the punches in t 
tool shown by courtesy of Jos! 
Lucas Limited. Using Cerroma 
the time was cut to 13 hours. 


MINING & CHEMICAL PRODUCTS LTD - 86 STRAND LONDON WC2 - Telephone TEMPLE BAR 6511 


f 


Write for 
CERROMATRIX 


manual today! 
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Freddy File is 
; an important member 
of the bench; 



















he’s Chairman in fact 
and all the other 

tools respect him. 

If there’s an important 
incision to make 

he always does it 

and woebetide anyone 


who crosses his path. 
if it's a good file 


it's a 


BEDFORD 


JOHN BEDFORD & SONS LTD. LION WORKS, SHEFFIELD 
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Chinese perhaps ? 


In fact, however, these are some of the 
many thousands of sections extruded 
in brass, bronze, nickel silver and cop- 
per by the MKB organisation. These 
extrusions are incomparable in qual- 
ity, faultless in finish and available in 
an infinite variety of shapes and sizes. 
Their use by non-ferrous metal fabric- 
ators helps them vastly to improve the 
quality of their finished products, 
increase their output and, above all, 
reduce their production costs. 
Undoubtedly MKB metal technique 
can prove profitable to you. Now is 
the time to find out—please write to: 


MSKEGHNIE srorners comreo 


14 Berkeley St., London, W.1. Telephone HYDe Park 9841/7 





Metal Works: 

Rotton Park Street, Birmingham, 16. 
Other Factories: 

Widnes, London, S. Africa, New Zealand. 


Branch Offices: 
London, Leeds, Manchester, 
Newcastle-on-Tyne, Gloucester, Paris. 
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Better Lighting— 


Better Production 
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What is the lighting in your factory like? 
Have yourecently checked the lighting level 
round the works with a light meter? 

The right lighting has a significant effect 
on the speed and accuracy of production. 
When its strength, position and type is 
suitable for each job the craftsman can 
give full play to his skill, and the works 
engineer can do full justice to his shop. 

Good lighting is only one of the many 
ways in which electricity is playing a vital 
part in the drive for higher productivity. 


Electricity for Productivity 


Ask your ELECTRICITY BOARD for advice and 
information, or get in touch with E.D.A. They can 
lend you, without charge, films about the uses of 
electricity in industry. E.D.A. are also publishing a 
series of books on Electricity and Productivity. Titles 
now available are: Electric Motors and Controls, 
Higher Production, Lighting in Industry, Materials 
Handling, and Resistance Heating. Price 8/6, or 9 - 
post free. 


issued by the 
British Electrical Development Association 
2 Savoy Hill, London, W.C.2 


advertisements please mention the Journal 
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WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lr. 


IPSWICH 





Telegrams: Reavell, |pswich Telephone Nos.: 2124-5 








Your machines deserve the best— 
equip them with 


“ARCHER 


DRILL SLEEVES & SOCKETS 


Guarantecd precision is our business—every tool is accurately 
ground to standard Morse taper gauges. Archer Drill 
Sleeves and Extension Scckets are made in two qualities. 







SUPER STANDARD 
QUALITY QUALITY 
——aaes Hardened all over. Ac- Oil toughened, with 
ARC HER curately ground inter- hardened tang. 
SMALL-TOOLS naily and eaternally, Ground extermally 
A3K FOR LIST Ne. 458, ahaa 






FRANK GUYLEE € SON LTD. 


ARCHER TOOL WORKS - MILLHOUSES - SHEFFIELD 8 
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HELICAL GEARS 


~ 60 TEETH. 8-5 D.P. 
| My dig, —— 20” HELIX ANGLE. 1” FACE WIDTH 
Pee 7-500 PITCH CIRCLE DIA. 
4 i) MAT. | PER CENT ‘CHROMIUM 
STEEL STAMPING 45/55 TONS 
TENSILE APPROX. 


CUT TWO PER SETTING. USING 
THREE START HOB. FINISH 
SUITABLE FOR SUBSEQUENT 

GRINDING OR SHAVING 
OPERATIONS. 
HYDRAX FLOOR TO FLOOR 
TIME PER GEAR 
2:25 MINS. 
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Patent No. 708767 - NC rE 
j (Foreign Patents Pending) = AN 
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With its tremendous production rate, the Hydrax is 
the ideal gear hobbing machine for any Automation plant 
layout. Its output and accuracy slash the cost of both 
gear cutting and subsequent operations. 


HYDRAX FEATURES INCLUDE:- 





® Hydraulically operated quick acting work clamping. 


Automatic cutting cycle under control of one push 
; button. 


Reduced hob travel for helicals. 

Automatic hob shift. Please write for publication M.104.2. 
No differential or lead cam. 

Automatic loading. 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
MACHINE TOOL DIVISION 


BRITANNIA WORKS SHERBORNE STREET 
MANCHESTER 3 
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Time Guaranteed 


Arrivals and departures of staff, time on the job, 


records of overtime, staggered meal hours and 





other man-hour statistics—all are recorded and 
guaranteed by GLEDHILL-BROOK. These essential figures, important to 
every costing system in industry, are clearly and quickly available in 
unit form for analysis and filing. The reliable Gledhill-Brook Time 


Recorder is supplied with 8-day mechanical clock movement or 


electrical operation. by G LEDHILL-BR O OK 


for full details and illustrated leaflet write to: 


GLEDHILL-BROOK TIME RECORDERS LIMITED 
20, EMPIRE WORKS, HUDDERSFIELD. 





I must be... 


: Durachrome treatment gives a surface of 
exceptional hardness (910/930 Vickers Dia- 
mond) which resists abrasion and corrosion. 




















Cylinders, shafts, rams and all heavy duty 
components have a greatly increased life by 
Durachrome application of hard chromium. 
One part or production quantities can be 
treated. 

Estimates and full particulars from 


DURACHROME L? 


171-177, ILDERTON RD. LONDON. S.E.16. 


\\ \\\ Telephone: BERMONDSEY 2683-2884 





CHROMIUM 
SPECIALISTS 
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.- 10 VR Ducrachrome 


(REGISTERED . TRADE MARK) 
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‘sTOP-CUT: , 
ELECTRONIC EQUIPMENT 


; applied to “Precimax” Cylindrical 


¢ 


Grinders at John Holroyd & Co. Ltd., Rochdale. | * STOP-CUT’ 
— GIVES CONSISTENT REPETITIVE PRECISION 


| LIMITS OF ACCURACY + -0001” (ONE TEN Fine Boring Machines. Fine Boring Heads (Units). 

e THOUSANDTH) ARE EASILY ATTAINABLE. Plain and Universal Cylindrical Grinding Machines. Finegrinders. 

; Surface Grinding Machines— 
With vertical or horizontal grinding wheel spindles and with 
work-tables having rotary or reciprocating linear traverse 
movement. 


, Special Grinding Machines— 
fe Ay WA @ For crankshaft journals, camshafts, pistons, etc. 


CROSS HILLS-~ e KEIGHLEY ee YORKS 


When replying to advertisements please mention the Journal 





THE LIGHT 
CONVEYOR FOR 
HEAVY LOADS 


It is almost certain that some stage of production or 
packaging of your product can be economised and 
speeded up by the installation of one or other of the 
Teleflex Conveyor Systems. Either Cable or Chain 
type conveyors can be supplied soon after receipt of 
your order. 


Cur technical representative will be pleased to call 
upon you (entirely without obligation), and advise on 
the solution to your problem. 

Write for illustrated brochures: 
Cable Conveyors ref.: CON. |. |.P. and 
Chain Conveyors ref.: CCN. 2. I.P. 


Right: An exarple of a 
Teleflex Conveyor which 
travels all round a 
particular factory. 


TELEFLEX PRODUCTS LTD 


Chadwell Heath, Essex 


Write for List JPE/25 to 


HILGER & WATTS LTD 


Watts Division, 48 ADDINGTON S@Q@., LONDON, S.E.5 
Member of the Export Marketing Company BESTEC 
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Above: 

Teleflex conveyors form an 
important aspect of the 
production system of 
Messrs. A. C. Deico— 
Division of General Motors. 


Left: 

Teleflex conveyors are 
important links in the pro- 
duction lines at the works 
of the Plessey Co. Ltd., 
Ilford. 


Telephone : SEVen Kings 5771 (7 lines) 


WATTS 


ENGINEERS’ 
CLINOMETERS 


Accuracies up to I0 seconds 
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Our wide experience in the field of automatic control 
has long been recognised by designers and users of 
production plant. 

For nearly half a century our engineers have worked 
with technicians of many industries to devise new control 
methods and equipment to do things faster, better and 





: = m4 
at lower cost. > ti %L S 
This service is readily available to you: a phone call ez : 
may be the first step towards solution of your control = ve 
gear problems. é 
Ee iy 
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IGRANIC ELECTRIC CoO. LTD 


HEAD OFFICE & WORKS - BEDFORD 
TELEPHONE: BEDFORD 66261 TELEX 14-533 


Branch Offices: 
LONDON’ BIRMINGHAM” BRISTOL CARDIFF EAST ANGLIA GLASGOW LEEDS MANCHESTER NEWCASTLE SHEFFIELD 








A METAL INDUSTRIES GROUP COMPANY 





1G/34/1448 
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Hydraulic Oils... 
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LORCO 





are used with Vickers-Armstrongs ‘VSG’ Equipment 


The London Oil Refining Co. Ltd. 


ESTABLISHED 1890 


LORCO WORKS 


London, 8.E.15 Manchester, 





POWER APPLICATION 


at its 
best 





F.ELIABILITY 
LND SERVICE 

















PILOT WORKS LIMITED 


HYDRAULIC POWER PRESS 


Occupies only 3 sq. ft. 

Weighs only 10 cwt. 

Develops up to 12 tons pressure 
Compact and Sturdy Build 
Operators hands free at all times 
Extreme sensitivity of Ram Control 
Foot Control 


HYDRAULIC CROPPING MACHINE 


(INCORPORATING M. EDWARDS AND SONS) 
TELEPHONE BOLTON 5545/6/7 TELEGRAMS. TIPGEAR BOLTON LONDON OFFICE 3 SOUTHAMPTON PLACE WC! 


Weighs only 5 cwt, 

Up to |7 tons pressure on the Shear Blade 
Fully Automatic Operation and Foot Control 
Cutting speed up to 34 cuts per minute 

Grip on metal to be cut up to | tons 

Mild steel bar up to 4" x }" cut at one stroke 
Negligible burr on cut metal 





MANCHESTER ROAD BOLTON 


TELEPHONE CHANCERY 5130 
P1054 
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AUTOMATION OR OTHERWISE 


let Wild-Barfield fit 
heat-treatment into — 
your production line # 


















More and more production engineers are finding 
that the installation of Wild-Barfield continuous 
furnaces speeds up production flow and helps to 
cut costs. By bringing heat-treatment right into the production line, delays and 
wasteful handling are eliminated. Wild-Barfield make a wide range of continuous 
furnaces for normalising, hardening, tempering, carbonitriding, bright annealing 
and other applications. All are built to the highest standards of workmanship to 
meet the requirements of production engineers and metallurgists. The Wild-Barfield 
Research Department is available to advise on your heat-treatment problems. 


ELECTRIC 


Vudu) FOR ALL HEAT- TREATMENT PURPOSES 


FURNACES 





WILD-BARFIELD ELECTRIC FURNACES LTD 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 6091 (8 lines) 
we38 
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ah Chop Foreman SANS... 


FLETCHER MILLER 


} CUTTING FLUIDS 


must have something 


see, these serewed ok 
Tor yourself. 


Publications $.P.187 and S.P.152 describe the’ entire range of 
Fletcher Miller “cutting fluids. May we send you copies? 






~~ 


- 













FLETCHER MILLER LTD - ALMA MILLS - HYDE <: CHESHIRE 


Telephone : Hyde 781 (5 lines) Telegrams : Emulsion, Hyde 
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PATENT CALIPER GAUGE "=" 


Each month one of the seven main advantages of this fine 
precision instrument will be described. 





*% @ Many = different gauging @ Can be used for either left 
positions can be obtained. or right hand threads. 


@ The anvils are set so that @ Particularly suitable for the 
they do not roll. gauging of acme forms of 


thread. 
@ All shearing action is : =e 
eliminated. @ Can be supplied for “GO 
only, or “NOT GO” only, or 
@ Particularly suitable for both “GO” & “NOT GO” 
gauging shouldered work. combined. 


NOTE THIS MONTH’S IMPORTANT FEATURE 





MANY DIFFERENT GAUGING POSITIONS CAN BE OBTAINED 


Both GO and NOT GO Jaws are adjustable and, as the gauging 
surfaces are radial and are eccentrically mounted, numerous 
gauging positions can be obtained and the necessity for re- 
grinding eliminated. The length of life is, therefore. greatly 
prolonged. 











Write today for u descriptive leaflet to :- 


THE HORSTMANN GEAR co. LTD., TEL: BATH 7241° 


GRAMS HORSTMANN 


NEWBRIDGE WORKS.BATH. ENGLAND. st 
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the story of, 


\) Registered Trade Mark é 
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A METRO-CUTANIT PRODUCT +. Ra 
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WM JESSOP & SONS LTD 
BRIGHTSIDE WORKS SHEFFIELD 

























No.9 IN A SERIES 
ACTUAL CUTTING TESTS 


After the continual research, 
microscopic examination of the blended 
materials, and mechanical laboratory 
testing, the final check on the quality 

of the Cutanit tip is in actual lathe 
testing. Tests carried out by 

B.S.A. Machine Testing Ability 
Laboratory cover a wide and varied 
form and include the machining of the 
latest type of metals. As a result of 


these tests Cutanit tips and tools are 





manufactured.to meet all new demands. 








JJ SAVILLE &€ COLTD 
TRIUMPH WORKS SHEFFIELD 
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Cheapest in 
the Long Run 


Fitted in minutes without dismantling machinery. 
Stocks of belting can be reduced by 90°/. Five coils 
of “ BRAMMER ” will replace 295 standard sizes of 
solid endless ropes. 

Tested, pre-stretched and matched belts available from 
stock. 

Coloured studs identify ** BRAMMER ” 40° angle sizes. 
The original and only rubber V-link belt which has 
been tested and proved for over 30 years. 





belting 





H. BRAMMER & CO. LTD. HUDSON RD. LEEDS 9 
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HOT OR COLD 


Pinder Mild Steel Guards 
With 


are designed 





REGO to enhance the 


lines of your 


STATAIR BLOWERS Machine Tools. 


For HIGH VELOCITY Suction & Blowing They combine 


Compact and light. Several models available, air volumes up to 270 
c.f.m. W.G. pressures up to 28” Write for Data Sheets 104&132/PE many a dvan- 
@eeeeeeee*e7n*n1nee8eeees 


SECOMAK 


HEATER 


Attachments 


Hot air at temperatures up to 
700°F can be obtained by hitting 
** Secomak "" Heater Attachments 
to Statair Units. Available in 
various sizes to fit all models 
Used for many drying and heat- 
ing processes. 

e Write for Data Sheet 130/PE . 


SERVICE ELECTRIC CO. LTD. 
HONEYPOT LANE « STANMORE - MIDDX. W. PINDER € SON LTD PETERBOROUGH 


Telephone EDGware 5566-9 


tages - strong : 







neat appear- 





ance: casy Improve your 


Machine Tools 
witha 
Pinder Guard 


installation: 


no machining. 
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CH ec /2z-dimensional forms 


Wy 
Y Y MULL 
Y 


UNIVERSAL MEASURING 
MACHINE 


For checking 2 and 3 dimensional 
cams, gears, thread forms, gap and 
length gauges, in fact for any com- 
ponent which involves controlled rotary 
/ or rectangular measurements. 
PRINCIPAL DIMENSIONS 
Centre height of optical dividing head 
mounted horizontally 
] Maximum diameter, measured with optica 
dividing head mounted vertically 26 
y/ Maximum distance between centres 20 


Range of measuring head 0-4 
Range of longitudinal slide 12 















PHOTOGRAPHS SHOW :— 


] Set-up for checking three-dimer 
tonal cam All reading: taken on 
large optwal screen for co-ordinate 
wm three direction 

2. Thread pitch u measured by using 
a stylus head allowing lateral float 
HA the ball, induated on a O- 0001 a 


comparator Measuring head 1 
traveried one pitch betucen read 
ings, the comparator howimge any 


pitch error 


Alternative mounting poittwnr 

the optual dwiding head enable 
the prof le of flat cam tg oe 
checked In thi et-up an exter 
ton stylus us being used 


Uy Ws MUM een 


PRECISION GRINDING LTD. 


MILL GREEN ROAD, MITCHAM, SURREY 
TELEPHONE : MITCHAM 3014 
A SUBSIDIARY OF GEORGE H. ALEXANDER 
MACHINERY LTD., 82-84 COLESHILL ST. B’HAM 
TELEPHONE: ASTON CROSS 7264 





When replying to advertuement: please ment he fourna 








XCvill 


and £4,000 
damages 


A press operator whose 
earnings are retarded by 
slow guard operation is a 
menace to himself and to 
you. He is tempted to ex- 
pose himself to danger, and 
may involve you in heavy 
damages. Fortunately, 





the ‘ Fastrip ’ Synchronised 
Guard ensures the highest 
standard of safety without 
impeding production. Send 
for full details today. 


J. P. UDAL Ltd 


INTERLOCK WORKS, 
COURT ROAD, 
BIRMINGHAM, 12. 





Telephone ; CALthorpe 3114 
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VULCASCOT ANTI-VIBRATION PADS 


OIL RESISTING 


@ CHECK VIBRATION SHOCK 
AND NOISE 


@ COMBAT NERVOUS STRAIN 
@ ARE EASY TO INSTALL 
@ SAVE MAINTENANCE TIME 


AND COST 
@ ISOLATE LOADS UP TO 
4 TONS PER SQ. FT. 
@ ELIMINATE CUMBERSOME 
FLOOR FIXINGS 









Standard Size 
18” x 18" x 4” 


Manufactured by: 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD, LONDON, N.W.8. 


PHONE: MAIDA VALE 7374 & 7375. "GRAMS: VULCASCOT MAIDA VALE LONDON 
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Precision 

When the centre span of Sydney Harbour 
Bridge (1,650 ft.) joined on August 19th, 1930, 
there was no measurable difference in the 
meeting of the two spans. Such precision is 
reflected in the craftsmanship in toolmaking 
carried out by Skinners. 


PROFILE GRINDING 
* PRESS TOOLS 
* JIGS AND FIXTURES 


* FORM GROUND CUTTING 
TOOLS AND GAUGES 


KINNERS 


(REOBRIOGE) LTO 


OUTHAMPTON 


PHONE : TOTTON 2428°9 




























Cut the stress and 
from spring calculation 
WITH A ‘ RATCLIFFE’ 
SPRING CALCULATING SLIDE RULE 


Scales allow all calculations involved in the 
design of helical tension and compression 
springs to be made at one setting ! 


Upper slide for stress and load calculations! 
Wahl’s stress correction calculated quickly! 


+++ 


The rule is essential to engineers and 
draughtsmen, is soundly constructed and 
supplied in a strong case complete with 
instructions. 


Price £3. 3s. Od. Send for one to-day. 


25: Kateliffe 


The Spring Specialist 
CRAWFORD SPRING WORKS ALLEN STREET ROCHDALE LANCS 
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NON-STANDARD VOLTAGES IN 4 RANGES 


1 200-220 vo.ts 2 346-380 vo.ts 
3 380-420 voirs 4 500-550 vo.rs 





day delivery of 


d voltage motors 














@ All voltage-ranges are at 50 cycles. 
Horsepower ratings from 1/2 to 25 h.p. 


* 

@ Delivery in ten working days applies to: weatherproofing, 
tropicalising, non-standard terminal box arrangements, and 
trifurcating boxes and glands. 


@ Further details are obtainable from: THE ENGLISH ELECTRIC 
COMPANY LIMITED, INDUSTRIAL MOTOR WORKS, BRADFORD. 


Dh UMMEDUTE DELIVERY AS USUAL OF STANDARD TYPES 


——SSE———— 


ENGLISH ELECTRIC 
industrial motors , 


THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2. 
Industrial Motor Works, Bradford 


WORKS: STAFFORD : PRESTON 4 RUGBY BRADFORD ’ LIVERPOOL ; ACCRINGTON 
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THE PARK GATE IRON & STEEL CO. LTD., ROTHERHAM 


TELEPHONE : ROTHERHAM 2141 (10 lines) TELEGRAMS : YORKSHIRE, PARKGATE, YORKS 





TURE aa. to profit the production engineer 


introduce an entirely new range of fork lift trucks 


notable for the use of many advanced 


engineering developments which * 


“increase work output 
«reduce costs 
< benefit workers 


Torque Converter Drive (optional) eliminating gear- 
changing. Smoother, faster manoeuvring. 
Less stress on truck and driver. Longer life. 
Power-assisted Hydraulic Steering providing unique 
ease of driving control. 
Finger-tip wheel movement. 
High Safety Factor —the greatest reserve stability of 
any diesel fork truck on the market. 
Minimum 10% safety factor at mast-forward laden, 





Sky-zone Aspiration—air intake for the engine, and 
exhaust outlet are at sky-level via the overhead 
canopy supports for rapid dispersal well above 
heads of workers or drivers. 


Prolonged Life—specialised design based on 10 years 
fork truck experience, at all points where endurance 
factors must be exceptional. 

Planned Serviceability—Every service and maintenance 
job studied, and planned for quick access, over- 
haul or replacement. Less truck-out time. 

To COVENTRY CLIMAX ENGINES LTD., COVENTRY 
% / would like information about the new “ SKY-ZONE"’ Essential for the 


(Delete as required) Fork Truck Serie 


e to discuss MATERIALS HANDLING with your 4 Materials Handling Scheme 
ve, without obligation. Please instruct your office 


se . 
phone for an appoiniment 


which aims to keep 


up-to-date. 


These new “SKY-ZONE™ Models will be exhibited at BRITISH INDUSTRIES FAIR S " 
Castle Bromwich April 23-May 4, 1956 and The MECHANICAL HANDLING EXHIBITION, Earls Ct. May 9-19. “reer 












